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THE ACQUISITION OF SKILL? 


BY JOHN A. McGEOCH 
University of Arkansas 2 


I. LEARNING—EXPERIMENTAL 


The Definition of Skill. A definition of skill which will set it off 
clearly from memorizing on the one hand and from thought and 
reasoning on the other, and which will give it a well-defined 
systematic setting, has never been formulated. Pear’s statement that 
skill is an “ integration of well-adjusted performances, rather than a 
tying together of mere habits,” is probably the most important defi- 
nition yet offered, but by it the repetition of a list of nonsense 
syllables or the construction of a valid syllogism is as much an act 
of skill as is typewriting or maze running, and it is doubtful if 
systematic justification can be found for a concept of skill which 
includes so much that its limiting values are lost. This is hardly the 
place for a critical examination of the valid limits of the concept, but 
it must be noted that the reviewer of work upon the acquisition of 
skill is forced by the lack of a clearly defined concept of skill, and by 
the heterogeneity of the published work in what appears to be the 
general field, to mark off the scope of the review from that of sum- 
maries in related fields by what he interprets the more or less con- 
ventional usage to be, rather than by any exact and accepted set of 

1 This review covers the period since the preceding review by the writer, 
“The Acquisition of Skill,” Psycnotocica, BuLietin, 1927, 24, 437-466. It 
includes both experimental and theoretical papers, and those describing new 
apparatus and problems. Papers reporting tests of skill, and work which is 
primarily upon academic skills such as reading and writing, are not included. 
Not all references are mentioned in the body of the review. 

2 Research Paper No. 149, Journal Series, University of Arkansas. 
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criteria. The procedure will be to present first the experimental 
studies which appear relevant, and then to survey the theoretical 
contributions, some of which will be seen to bear upon the nature of 
skill itself. 

The Form of the Learning Curve. It is noteworthy that there 
have been few studies devoted specifically to the form of the learning 
curve. For the most part, the curves, when given, are used only as 
convenient expressions of the data gathered upon other problems. In 
some cases, particularly those in which positive acceleration appears, 
the reviewer has drawn the curves from the author’s numerical data. 
In by far the greater number of the studies in which learning curves 
are presented, the traditional negatively accelerated form appears. 
This is true for a wide range of learning problems, as in the work of 
Bowman (7), Cohnen (15), Crafts (19), Filho (28), Jette (46, for 
Gregg shorthand but not for Burnz), Langdon and Yates (51), 
Renshaw and Postle (77, arc contangent function), Ross (78), 
Schlieper (80), and Wilson (105, 106). The plateau phenomenon, 
which bulked so large in the earlier writing on skill, has received 
almost no attention in the work of the last two years. Farmer (27) 
reports that curves of motor performance, whether in the laboratory 
or in industry, tend to show a parallelism. Improvement affects all 
workers in the same way, though not to the same degree. 

The chief studies of the curve itself are those of Barlow (3) and 
of Jette (46). To scores obtained from continued practice in mental 
multiplication Barlow has fitted an hyperbolic equation by the 
methods of inspection, averages, and least squares. The last method 
is to be preferred on account of its simplicity, directness, and its 
better calculated scores. He concludes “that hyperbolic equations 
furnish a reasonably satisfactory fit” to the form of the curve for 
mental multiplication and, it may be added, to that for nonsense 
syllables learned by the anticipation method. Jette, likewise, finds 
that a hyperbolic curve best fits the scores from 915 Gregg Shorthand 
Tests, and that the influence of practice may be considered negligible 
after 300 hours of practice. When, however, Jette’s scores from 
273 Burnz Shorthand Tests are plotted, they give a curve which is 
positively accelerated at the beginning, then passes through a point 
of inflection, and becomes negative at the end, with the influence of 
practice negligible after 400 hours of study. The form of this curve 
is similar to that for the variation of the atomic heat of a solid with 
temperature. Jette has fitted the Einstein equation for this type of 
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curve to the Burnz data and, while only a fair fit is obtained, there 
is no doubt that the hyperbolic curve which was applicable to the 
Gregg data will not represent the Burnz results. 

Evidence is accumulating that the customary hyperbolic curve- 
form is by no means as general an expression of learning progress 
as it has often been assumed to be. Several cases of an initial posi- 
tive acceleration have appeared in addition to the important finding 
of Jette’s, which has just been mentioned. Goodenough and 
Brian (34) have studied the acquisition by four-year-old children of 
skill in tossing rope rings at a post. Several of their individual 
curves show early positive acceleration and the combined curves for 
two of their groups show a trace of such acceleration. When 
Brainard’s (8) estimates of the number of times the infant under 
observation made successful eye-hand or eye-object codrdinations are 
plotted against months from the first month to the sixth, a pro- 
nounced positive acceleration appears. It must be remembered that 
these are estimates and not exact measurements, over unequal periods. 

In certain problems, such as mirror-drawing, recognition of short- 
hand, and learning number combinations, at least one of the dull 
groups in Wilson’s (105) study gives a learning curve with a tend- 
ency toward positive acceleration. With two of the practice units 
in Brown’s (10) comparison of methods of learning piano music the 
curves for the part method, when speed of playing is plotted against 
trials, show a slight initial concavity to the y axis. The same phe- 
nomenon appears in the study by Bott, Brown, and Cohen (6) of 
the educability of oculomotor patterns which, in normal vision, are 
inhibited. The curve referred to is for the “make” threshold of 
vertical coordination, when angular displacement in degrees of visual 
angle is plotted against trials. 

These findings suggest that at least the following three conditions 
may operate to produce a positively accelerated learning curve: 
(A) very young subjects; (B) subjects of relatively inferior intelli- 
gence; and (C) learning problems which are of relatively great diffi- 
culty, either intrinsically or because of the method of attack employed. 
These three conditions probably reduce to the single common factor 
that the subject starts the learning with an already possessed (or 
usable) proficiency in the act which is closer to zero than is usually 
the case under the conditions yielding negative acceleration. 

Perceptual Skill. The acquisition of unusual perceptual abilities 
has been dealt with, either directly or incidentally, in several papers. 
t 
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Thelin and Altman (93a) find that the ability to identify monocular 
functions (to tell which eye is functioning) is definitely improvable 
by training in some subjects, and it is probable that all subjects would 
have acquired the ability under prolonged training. Likewise, Bott, 
Brown, and Cohen (6f report that the radical modifications in oculo- 
motor patterns involved in vertical coordination with binocular fix- 
ation are subject to training The three thresholds studied show 
different degrees of modification by training, but they appear to 
maintain a constant mutual relationship. Practice has been found by 
Thelin (93) to exert very little influence on the nature of perceived 
motion. Knowledge, also, has little effect. In the auditory modality, 
Young (107), working with a pseudophone which acoustically trans- 
posed the ears, found that normal visual-auditory localization could 
be readily developed, but that normal auditory localization was 
resistant even to long periods of practice. Seashore’s (82) test of 
motor rhythm evidenced only a slight improvability. 

Factors in Improvability. The differing susceptibilities to im- 
provement of the comparatively unusual functions just discussed 
lead naturally to the influence of other factors upon improvability. 
Certain of these results are also related to the problem of transfer. 
Both de Weerdt (22) and Farmer (27) find that degree of improve- 
ment is a function of the problems used. Eleven days of practice at 
a number of different functions yielded, with the 45 fifth grade chil- 
dren who were de Weerdt’s subjects, percentages of improvement 
varying from 37 for addition to 323 for reading; and in Farmer's 
experiment improvement was more gradual in choice than in simple 
reaction. Gates (33) presents a general discussion of the problem 
of the nature of improvement through training, and reviews two 
earlier experiments on improvement in tapping and in memory span. 
He concludes that “the effect of education is not to change capacity 
directly nor to modify the growth of capacity, but only to give the 
recipient useful information, techniques, methods of work .and the 
like.” 

Learning Cues and Methods of Attack. Husband (44) reports 
that on a four-section, elevated finger-maze of the Warden multiple-T 
design, the efficiency of the methods of attack runs in decreasing 
order thus: verbal or counting ; forming a visual pattern; a combina- 
tion of verbal, visual, and motor; verbal with some other method 
discarded before learning was complete; verbal with some other 
method employed secondarily; and motor. This order agrees exactly 
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with that of Warden’s 1924 study of modes of attack in learning the 
stylus maze, in so far as the chief modes are concerned. Cox (17) 
finds that, in the solution, with indirect visual guidance, of motor- 
space problems in which learning was not the main issue but in which 
it could occur, a combination predominantly visual and secondarily 
kinaesthetic, with certain other slighter cues and procedures, is used 
by most subjects. In pursuitmeter learning, cutaneous pressure and 
kinaesthesis are better “ controls” than foveal vision (Renshaw and 
Postle, 77). ‘ 

Silent counting is more rapid than the corresponding case of oral 
counting, which may indicate an economy in the partial reduction of 
articulation involved in the former (Judd, 48). Further, the subjects 
who have reached a high proficiency in counting exhibit a correspond- 
ingly high proficiency in silent reading. The height of the correla- 
tion between silent reading and counting leads to the hypothesis that 
the reduction of articulation is the source of economy in both cases. 
Judd draws from the facts given certain implications, for the explana- 
tion of learning, which will be presented later. Lund (56) has raised 
the question wherein lies the difference in ease of performance 
between the Woodworth-Wells color-naming test and a test in which 
the color names only must be read. The difference cannot be referred 
to obstructive articulational tendencies, since word-naming, which 
requires the same speech adjustments as does color-naming, takes 
only two-thirds as much time. Nor can it be ascribed to a greater 
discriminability of the words, since finding words takes almost twice 
as long as finding colors on a page. It is concluded that the chief 
determinant of the difference lies, not in any sensory or motor factor, 
as such, but rather in relative practice. Associations between printed 
stimuli and verbal responses have occurred with far more frequency 
than have similar associations with colors. This conclusion is fur- 
ther supported by the fact that the learning curves for a five-year-old 
subject in the two functions tend to come together as practice con- 
tinues. Hartmann (36) believes speed of verbalization to be the 
common factor in tasks involving repetition of the alphabet. 

Van der Veldt’s (100) study of the relative characteristics of a 
sensory and motor series in the acquisition of movement patterns 
comes under this head. In the motor series the subject was required 
to respond by touching a lamp seen in indirect vision (or, later, the 
corresponding place) when a word appeared in direct vision. In the 
sensory series the subject was to note the position of the light which 
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corresponded to each word and then to touch the proper place in a 
later test. The different qualitative stages are gone through some- 
what more rapidly in the motor than in the sensory condition. 
Reaction time is faster in the motor series, the reactions are more 
certain, and accuracy is greater. Likewise, the mctor condition gives 
greater automaticity. In other respects, however, the two give the 
same result. They pass through the same stages and learning goes 
on in much the same fashion under both conditions. 

The apparent influence of a favorable motor orientation or set 
appears in the data of Goodenough and Brian (34), as evidenced by 
the fact that the better learners among their young subjects tended to 
group their successful throws in excess of chance expectancy. 

Whole and Part Methods. The old problem of entire vs. sectional 
study has been attacked by Brown (10) with new practice material. 
She has compared the values of the whole, part, and combination 
methods of learning piano music. In the whole method the score was 
played from beginning to end without stopping to repeat incorrect 
measures. In the part method the score was divided into units and 
each unit was practised an equal number of times. In the combina- 
tion method each score was played from beginning to end, but all 
incorrect measures were repeated an equal number of times. In 
general the efficiency of the methods was, in descending order : whole, 


combination, and part. The whole, or what Decroly (21) calls the 
ideo-visual, method of teaching writing and speaking is found to be 
superior to the analytic-synthetic method by which the single units 
are first learned and then combined. 


Distribution of Practice. There has been no experimental work 
directed specifically at this time-honored problem. FT. C. Ruch (79) 
has contributed an important review of thirty-nine papers, covering 
both skill and memory, with a view to determining “ how and to what 
extent the various conditions of learning affect the relative economy 
of different degrees of distribution.” The conditions discussed are: 
type of learning material, age, criterion of learning, order of repe- 
titions within the periods, manner of studying, and period in the 
learning curve. From their study of target-throwing by four-year- 
old children, Goodenough and Brian (34) are led to the significant 
inference that optimal distribution is not an absolute matter, “ but 
rather the greatest efficiency may perhaps be gained by appropriate 
interruption of practice at times when the setting up of undesirable 
habits appears to be retarding progress.” 
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The Influence of Special Motivation. Rivalry is accompanied, 
Hurlock (43) finds, by a gain of 41 per cent over and above practice 
effect as measured by a control group. An interesting by-product of 
her study is the fact that, although the two sections had previously 
been equated, the members of the section of the rivalry group who 
were defeated on the first day never overcame the initial defeat and 
remained inferior to the initially victorious section throughout. With 
different experimental conditions, Sims (85) obtains results less 
favorable to group rivalry. He has measured improvement in sub- 
stitution and in rate of reading under group-motivation (rivalry with 
knowledge of each other’s scores) and individual-motivation (rivalry 
with one’s own previous record and with a single paired competitor). 
Individual-motivation is far superior to group-motivation which, in 
turn, is little superior to the control. Ross (78) has compared the 
influence of three conditions—no knowledge of progress, partial, and 
complete knowledge, upon scores in tallying. Although all groups are 
described as highly motivated, the addition of a knowledge of results 
gave the recipient subjects a distinct advantage which was, very 
roughly, proportional to the amount of knowledge given. When the 
conditions were reversed, the curves continued to rise, in marked con- 
trast to those of Book and Norvell who found, under a similar 
reversal of conditions, that the curves reversed directions. 
Cohnen (15) introduced a series of twelve practices, motivated by 
competition for a prize, at the conclusion of his main experiment upon 
throwing balls at a target. The additional motivation led at first # a 
bettering of performance which, however, did not continue to the 
end of the series. Final performance was hardly as good as that at 
the end of the long practice of the main experiment. 

Symonds and Chase (91) conclude that motivation from an 
experienced situation is more effective than that from a described 
situation. Test motivation (desire to increase one’s own score) leads 
to learning over and above that which can be explained by practice; 
but intrinsic motivation (descriptive attempts to interest children in 
improvement for its future values) is ineffectual. As between the 
motivations applied and practice (repetition), the authors believe that 
repetition is the more important. After twenty-five trials with the 
Miles pursuit pendulum, Sullivan (88) told the members of Group A 
that their scores were the best of the group, and the members of 
Group B that theirs were the poorest. Before the introduction of the 
success and failure statements Group B was superior, but after the 
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information Group A became and remained superior. The results do 
not indicate the relative effectiveness of the success and failure state- 
ments. It should be noted that in several of the experiments cited 
guidance, in the form of knowledge of progress, has been mingled 
with (other forms of) motivation. 

Bunch’s (12) study of the effect of electric shock at the ends of 
the culs-de-sac as punishment for errors in maze learning relates to 
other problems as well as to the influence of motivation, but it may 
be reviewed conveniently in the latter connection. A 27-volt shock 
at the end of each cul-de-sac decreased the number of trials required 
to learn a Carr maze (of the pattern used in his study of visual guid- 
ance) approximately 50 per cent. Total time and errors were each 
decreased 30 per cent. The three types of errors were lessened by 
the following percentages: (A) true-path retracing, 29.6; (B) cul- 
de-sac entrance and retracing, 55.4; and (C) coming in contact with 
the end of a blind, 59.6. Trial, time, and error scores were also 
decreased in variability. The time per trial, however, increased 34 
per cent, and its variability also increased. 

The accelerating influence exercised upon improvement by the 
introduction of special motivating conditions of diverse kinds seems 
established by these and earlier investigations. For the most part, 
however, no attempt has been made to quantify the conditions 


applied, nor to study in the form of a continuous function the effects 
of a systematic application of varying and known amounts. We are 


” ’ 


left, therefore, with only rough statements of “more” and “ less’ 
which, while they open extended possibilities for research, yield little 
precise knowledge. Before, however, precision can be hoped for, the 
concept of motivation itself requires an immense clarification. One 
can scarcely quantify intelligently before the measured qualities 
have been isolated. In point are Troland’s (98) thorough attempt 
to construct a complete system of motivational concepts, Holling- 
worth’s (37) absorption of motivation into the redintegrative 
schema, and Dashiell’s (20) behavioristic treatment. 

The Influence of Guidance. Waters (103), studying the influence 
of tuition upon the solution of a bead-problem requiring generaliza- 
tion, finds that the demonstration method of tuition is detrimental to 
learning in that it does not allow the subject free opportunity for 
forming hypotheses. A short, easily remembered statement of the 
principle involved ; information about errors with immediate, forced 
correction; and calling attention to the significant aspects of the 
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problem are beneficial forms of guidance. A short, concrete state- 
ment of the principle is more efficacious than a longer, more general 
or abstract one. More beneficial results are obtained when tuition is 
given early in the learning process. 


Goodenough and Brian (34), with three groups of four-year-old 
children, have studied the relative efficacies of three different pro- 
cedures in tossing rings at a target. Group A was given no instruc- 
tion; Group B was given general instructions, followed by pointing 
out of errors; and Group C was required to adhere rigidly to a con- 
stant and advantageous method of throwing. Improvement was least 
for Group A, with Group B only. slightly better. Group C gave, 
however, clear evidence of having profited by the instructions. 
Similar types of tuition have béen used by Renshaw and Postle (77) 
with adult subjects and a Renshaw-Weiss pursuitmeter. Group A 
was uninstructed; Group B was told to remember the best methods 
and to analyze the problem between sittings; and Group C was 
instructed in detail in all the known facts about the nature of the task 
and the best way of going about it. Group B was slightly better than 
Group A, while Group C was lowest in improvement. Thus, verbal 
instructions not only failed to be of assistance but exercised an 
inhibiting influence. This is, presumably, a function of the nature 
of the task, since “the pursuitmeter, for example, can only be 
operated by the hands, not by the larynx.” With a different task, the 
acquisition of ability to identify monocular functioning, Thelin and 
Altman (93a) report that tuition, given by informing the subject 
with every inaccurate observation what the correct report would have 
been, is highly effective. In hitting at a target seen in a mirror, the 
subjects given verbal instructions are better than the controls, but 
not as good as those who have the advantage of transfer from work 
with another part of the body (Bray, 9). 

Intelligence and Learning. Wilson (105) has published an 
extensive comparison of groups of bright and dull children at both 
nine- and twelve-year levels. A large number of learning problems 
were employed. The I.Q. differences averaged thirty points. Wilson 
concludes that the less the proportion of muscular movement involved 
in the learning task the better does a Binet score predict the quality 
of the performance. Although differences in learning ability are 
recognized as being actually differences in degree and not in kind, so 
many functions are involved that, practically, with the groups used, 
the differences become almost qualitative. The brighter individuals 
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have ability which makes possible economical progress in work 
requiring a small proportion of gross movement, while dull ones have 
the ability to make economical progress in work requiring a large pro- 
portion of muscular movement, although in the tasks used the actual 
gross differences were not huge. Wilson (106) has also compared 
subjects of different 1.Q.s in star tracing in a mirror and on the 
Witmer cylinder test, finding few marked differences between the 
subjects of different intelligence. 

In harmony with Wilson’s conclusion regarding the influence of 
degree of muscular movement upon correlations between learning 
data and intelligence, Garrison (32) reports that an eight-letter 
Peterson Rational Learning Problem, and an Analogy Test from 
Thurstone’s American Council of Education Tests, give reliable posi- 
tive correlations with intelligence. Pyle and Smadden (74) have 
studied improvement in substitution, card-sorting, and mantha- 
nometer operation with a bright and a dull group of high school 
students. The two groups overlap in card-sorting and in substitu- 
tion, but in manthanometer learning they are completely separated, 
with a clear difference in favor of the bright group. De Weerdt (22), 
using several learning problems, obtains correlations between intelli- 
gence and improvement which range from —0.07 for cancellation to 


0.56 for reading. In gross improvement the ten highest in intelli- 
gence improve more than the ten lowest in all tests save cancellation. 


On the contrary, Atkinson (2), who uses college students as 
subjects, finds that learning ability in card-sorting, number-code and 
number-alphabet substitution is very little correlated with intelli- 
gence. Intelligence test scores are, however, somewhat better meas- 
ures than are mechanical speed scores for “ predicting how well a 
subject enters upon a new task.” Measures of mechanical speed are 
the better for prediction of limits of ability. Lemmon’s (54) data 
support the hypothesis that conduction speed may partly determine 
the level or quality of learning ability and of intelligence. Cox (18), 
studying space problems with five different relative positions of the 
two-story maze parts, finds a correlation with intelligence only when 
learning does not significantly enter. Goodenough and Brian (34) 
obtain a correlation of —0.349 between total score in target-throwing 
and I.Q., and Ross (78) discovers little correlation between intelli- 
gence and tallying data. In Garrett’s (30) extensive study of intelli- 
gence and learning, skill problems, as traditionally conceived, figure 
only a little. Digit-symbol learning correlated 0.09 with Thorndike 
score, and but a little with the memory tests used. 
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Rivalry is a more effective incentive for children of inferior 
ability (Hurlock, 43). The inferior group achieved an average gain 
of 59 per cent above practice effect, while the average and superior 
groups showed gains of 35 and 37 per cent. 

The papers which have reported data on this problem have, 
obviously, not yielded uniform results. Differences in conclusions 
regarding the relations of intelligence and learning cannot, on their 
face, be taken too seriously, however, because of the diverse methods 
of obtaining the learning scores which are placed in correlation with 
intelligence. 

Age Differences. The question of the course of learning ability 
after adolescence has received its first decisive answer in the work of 
Thorndike and his associates (97). No brief summary can do justice 
to the complexity and importance of the experimental contributions 
of Adult Learning. The major groups of subjects and the materials 
used are: learning to read, write, compute, and form simple habits, 
by adult prison inmates; typewriting and stenography by adults in 
secretarial schools; learning of high school subjects, such as algebra, 
in public evening schools by adults; and learning wrong-hand writing 
and Esperanto by university students. As an illustration of sheer 
modifiability, learning to draw straight lines of specified lengths while 
blindfolded is used. The results from different ages have been made 
comparable, and Thorndike concludes: “The general tendency from 
all our experiments is for an inferiority of about 15 per cent as a 
result of twenty years from twenty-two on. Learning representing 
an approximation to sheer modifiability unaided by past learning 
shows considerably more inferiority than this. Actual learning of 
such things as adults commonly have to learn shows considerably 
less.” “In general, nobody under forty-five should restrain himself 
from trying to learn anything because of a belief or fear that he is 
too old to be able to learn it.” This agrees with the testimony of 
older people that almost anything is learnable up to fifty. The decline 
with age is no greater for inferior than for superior intelligence, and 
the practice curve has the same form for all ages. The substitution 
experiment with prisoners shows that the older and younger men are 
equally able to make use of an ability that transfers positively, but 
the older are less able than the younger to prevent or overcome 
hindrance from an ability which transfers negatively. Tachibana (92) 
reports almost no acquisition of simple motor performances by the 
aged. 

In substitution learning, boys improve from nine to fourteen and 
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lose ground during ages fifteen to sixteen. The girls improve from 
nine to thirteen and lose during ages fourteen to sixteen. Both sexes 
are best of all at adulthood (Fisher, 29). Both color-naming and 
word-naming increase with age (Lund, 56) ; and Hurlock (43) finds 
that younger children respond more to rivalry as an incentive than do 
older children. 

Sex Differences. A few investigators have reported differences 
between the sexes, most of which, however, are slight. Boys are 
superior to girls in mean total score at target-shooting, although the 
mean gain of the girls is slightly greater (Goodenough and Brian, 34), 
Women sort cards, both for color and form, more rapidly than men 
(Husband and Miles, 45). In addition there is a slight difference in 
favor of girls (Hurlock,43). Pauli (64), however, finds that in 
absolute performance in addition the males consistently excel, 
although practice tends to equate the sexes. He states, also, that 
male variability is the greater. 

Racial Differences. The comparison of negro and white children 
in rational learning, the mental maze, and the disc transfer test, leads 
Peterson and Lanier (71) to the statement that their “ general results 
seem to indicate a tendency to a decreasing difference between the 
median scores of the white and negro twelve-year-old children in 
the order of the decreasing percentage of negroes in the population ” 
of the cities from which the samplings were taken. “ This decreasing 
difference is probably a function of the increasing severity of selec- 
tion of negroes as indicated by the decreasing percentage of their 
population . . .”. The administration of a five-letter and seven- 
letter rational learning test to large numbers of white and negro 
children yields differences which consistently favor the whites 
( Peterson, 69). 

Individual Differences and Correlations. Many of the conclu- 
sions regarding the influence of practice upon individual differences 
are not comparable on account of the diverse methods used in com- 
puting its influence and the widely varying degrees of practice 
studied. Certain findings are, however, worthy of mention. Peter- 
son and Barlow (70), using digit-symbol substitution, mental multi- 
plication, and card-sorting, find “a divergence in the individual 
abilities with practice in substitution and in mental multiplication, 
but a convergence in card-sorting. The coefficients for successive 
fifths of the entire practice are consistent only in the case of mental 
multiplication.” In a second experiment with mental multiplication 
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convergence appeared among the middle 50 per cent, but a much less 
marked convergence among the extreme half of the group. The 
authors suggest that, in computing the effects of practice upon indi- 
vidual differences, a percentage variability measure be used—stand- 
ard deviation divided by the mean or quartile divided by the median. 
They contribute a valuable discussion of the general problem. It is 
reported by Atkinson (2) that subjects tend to become more alike 
under continued practice in card-sorting and substitution. In some- 
what less simple tests they may possibly become more unlike at first 
and more alike as practice is continued. 

De Weerdt (22), using a variety of problems, obtains correlations 
from 0.68 to 0.93 between initial and final scores, and from —0.22 to. 
0.78 between initial scores and improvement. With most of the func- 
tions tested the correlation between total and daily scores increases 
from the first to the last day of practice. In general the ten subjects 
with the highest initial scores improved more than the ten with the 
lowest initial scores. With this last finding Ehinger (26) does not 
agree. From data obtained from ten subjects Cohnen (15) concludes 
that the correlation between successive performances in throwing 
balls at a target becomes higher the nearer the end of practice 
approaches. Between remote practice periods there is a widely vary- 
ing relationship. The correlation (paired ranks) between the first 
day and the mean of the last four of eighty-eight days of practice is 
—0.043. Hartmann (36), studying four different modes of repe- 
tition of the alphabet, finds that initial scores yield “a reasonably 
good prediction” of final scores within the limits of twenty trials. 
Some leveling of individual differences takes place. As practice at 
card-sorting continues, individual differences and variability decrease 
(Husband and Miles, 45). Goodenough and Brian (34) report no 
relationship between initial status and gain. 

Miscellaneous Factors. Under this head will be included prob- 
lems on each of which only a small number of papers has been pub- 
lished. (A) Length of Problem. Four sections of a Miles elevated 
finger maze, Warden multiple-T pattern, are not correspondingly 
more difficult to learn than one section (Husband, 44). They require 
26.8 trials against 16.7 for the single section. Husband concludes 
that the chief difficulty lies in devising an adequate mode of attack, 
“ rather than in actual memorization of the pattern.” In learning the 
Chinese characters used by Tsai and Abernethy (99) difficulty 
increases directly as the logarithm of the number of strokes in a char- 
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acter. (B) Primacy and Finality. Perkins (67) finds a clear tend- 
ency on the part of her subjects to learn the two ends of a maze first, 
and Husband’s (44) results with a four-section finger maze verify 
Warden’s earlier findings regarding the superiority of primacy and 
finality in the learning of a stylus maze of the same pattern. 
Van der Veldt (100) states that the initial and final reactions in a 
series are the most rapid. 

(C) Speed and Accuracy. In tracing and checking, the subjects 
making the most errors fall in the high speed end of the distribution, 
while the slow workers are more widely distributed, with a tendency 
toward the accurate end of the distribution (Poppelreuter, 72). It 
is concluded that errors are to be referred primarily to high speed, 
while slowness depends on other factors than accuracy alone. This 
supports Poppelreuter’s law of practice, that the optimum procedure 
is to retard speed of movement in the early stages of practice until 
high accuracy is reached, and then gradually to increase speed. 
(D) Muscular Tension. The muscular tension produced by squeez- 
ing a hand dynamometer with a constant pressure is a much more 
favorable condition for improvement in speed of addition than is the 
normal, non-tension condition (Bills,5). Further, the curve for the 
control group tends to approach an asymptote as practice goes on, 
while the “ tension ” curve is steepest toward the end. Evidently the 
advantageous effect of tension becomes more and more pronounced 
with continuation of practice. Practice neither increased nor decreased 
the initial advantage in accuracy which accrued to the “tension” 
condition. (E) The Influence of Practice on Dextrality Types. 
Bowman (7) has given five subjects, of different handedness for- 
mulz, 105 trials with each hand at a peg board. Practice decreased 
the R/L ratio for all right-handed subjects and increased it for the 
one left-handed subject. 

(F) Learning With Fixed Orientation. Perkins (67) has em- 
ployed very difficult maze patterns, with a procedure which will be 
described later with other new pieces of apparatus and new problems. 
For each segment of the true path there was a blind, thus making 
each decision involve one of two possible turns. Some visual cues 
were permitted. There is a lack of uniformity in the difficulty of 
individual blinds. Some give more trouble than their position, 
length, number and direction of turns would warrant, other things 
being equal. Difficulty is not entirely dependent on the physical 
characteristics of the problem. It also depends on what precedes and 
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on the stage of learning. Length of blind and number of turns have 
little weight aside from other factors. The direction rather than the 
type of blind is the factor of primary importance. 

Transfer and Interference. Bray (9) has contributed a good 
summary of preceding work on bilateral transfer and has added 
experiments of his own upon transfer to members not bilaterally 
symmetrical. Skill in hitting a target seen in a mirror is the function 
in which transfer is looked for. Transfer amounting approximately 
to six trials takes place from right hand to right foot. Varying the 
amount of hand-practice has no observable influence upon the amount 
of transfer to the foot. Bray also finds indications that transfer does 
not appear unless the initial fall in the learning curve of the hand has 
been completed. Some transfer also occurs from right foot to right 
hand. It is less in amount, but is effective over a longer period than 
is transfer from hand to foot. Check experiments indicate that 
transfer of method and familiarity with the experimental setting are 
important explanatory factors. 

Crafts (19) has investigated the rilative initial transfer values of 
routine and of progressively changing conditions in card-sorting, 
substitution, and typewriting. In six of the nine comparisons made, 
the varying condition of practice was superior. Since it was not 
uniformly superior, Crafts is unwilling to attribute its advantage to 
the variation per se, but ascribes it “ to the presence in those six cases 
of common elements of such a kind as to be both important for 
adjustment and better developed by the varying condition.” These 
common practised elements are believed to be exploratory reactions 
essential for preliminary efficient adaptation to a new situation and, 
in one case, the development of a special technique which facilitated 
these reactions. 

Newkirk and Gundlach (60) attack the conclusion drawn by 
Poffenberger (1915) that there is no transfer from cancelling 3’s 
and 5’s to canceling 4’s and 7’s. The criticism is that there would 
be interference in canceling 4’s and 7’s and hence that the experi- 
mental conditions were not such as to permit transfer to show itself. 
They find transfer from canceling numbers to canceling letters, under 
conditions which avoid position habits and knowledge by the subjects 
of the purpose of the experiment, and which, of course, eliminate the 
tested items from the practice series. No transfer occurs, however, 
from one number to another, which is interpreted in support of their 
criticism of Poffenberger’s experiment. Perkins (67) finds that in 
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“ 


learning modifications of an original maze “the subjects appreciated 
the difference almost immediately and there was little confusion in 
the old sections.”” The new sections, however, gave trouble. Accord- 
ing to Ehinger (26), practice at a manual trade yields transfer to a 
series of motor tests. Alpert (1) makes transfer one of the criteria 
of insight in problem solution. Tsai and Abernethy (99) report 
some practice effect of the transfer order in learning to recognize 
and reproduce Chinese characters. All of the methods of tuition 
which were beneficial in the mastery of the first problem used by 
Waters (103) yielded transfer to the second problem, with the excep- 
tion of the error method (giving information about errors). 

In opposition to the findings just summarized, Langdon and 
Yates (51) have examined the influence of a fortnight’s training in 
a link-transfer operation upon a series of motor end-tests, and have 
found that in no case did significant positive transfer appear. It is 
concluded that “training in manual dexterity is specific rather than 
general.” A similar experiment in estimating the size of steel balls 
gave corroborating results. Garrison (31) reports only a slight 
transfer, or practice effect, from one eight-letter rational learning 
test to a second of the same length. 

Interesting results have also been reported in the general field of 
interference. Schwarz (81) maintains that an old association a-} 
does not always operate to block a subsequent association a—k, nor 
recur more readily than a—k. Greater ease of and reversion to former 
associations depends upon their conformity to accustomed needs and 
to well-established and general patterns. Schwarz employs a simple 
apparatus into which marbles are dropped and then ejected by lower- 
ing a handle. They are caught by the subject as they come out. The 
chief emphasis of the problem lies, for the subject, on the end-opera- 
tions. After the act is practised, the ejecting handle is reversed and 
must now be raised. The resulting errors are of two kinds: (A) 
errors of regression and (B) errors of indecision or of confusion. 
In both cases there is a gradation from errors actually performed to 
a bare tendency toward an error. These results are interpreted as 
instances of the manner in which the total act determines the func- 
tioning of the parts. Bott, Brown, and Cohen (6) report that ver- 
tical coérdination of the eyes, which is constantly inhibited in normal 
vision, can be quickly facilitated by the proper training, in spite of 
the fact that the eye-movements involved in binocular fixation are 
among the most practised of all muscular responses. This suggests 
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Kline’s (1921) finding that, with memory material, the Miiller- 
Schumann law of associative inhibition does not hold for high degrees 
of strength in the connections between the two initially joined items. 
Van der Veldt (100) finds clear evidence of associative inhibition in 
a movement series. Renshaw (76), interestingly enough, fails to 
find interference when the pattern of transit of the pursuitmeter is 
reversed. 

Orata (63) has undertaken a critique of the whole theory of 
identical elements. The current view that transfer, when it occurs, is 
found only or mainly between functions containing identical ele- 
ments does no more than state that it does occur. Further, the theory 
rests upon an unacceptable mechanistic atomism ; and an examination 
of the methods by which transfer has been studied leads to the con- 
clusion that the theory has inadequate experimental support. The 
problem of transfer is then reinterpreted from a new view of mind. 
Habits are directed and controlled by meanings and transfer is an 
“extension and application of meanings to new problems and situ- 
ations.” Whether transfer occurs, and its amount, depend upon the 
extent to which meanings are identified and applied. On the basis 
of data upon the effect of practice in addition and in subtraction upon 
the three other fundamental processes of arithmetic, Cole (16) like- 
wise attacks the prevalent interpretation of transfer in terms of 
identical elements. If, in this explanation, objectively identical 
elements are meant, his results “ give no evidence that transfer is so 
limited.” “ Subjective identity of combinations in addition and sub- 
traction” (between which transfer was greatest) “ was realized as a 
help by all who took the practice,” and objective and subjective 
identity are far from being the same. “ If Gates’ theory of transfer 
is to hold true, identity must be defined in each instance and by terms 
less vague than identity of ‘attitudes,’ ‘methods,’ and ‘ move- 
ments ’.” Whipple (104) has contributed a general summary of the 
problem of transfer, including a few studies of skill, and Pear (65) 
has summarized certain recent studies. Gates’ (33) paper on the 
nature of improvement is closely related to this problem. 

Qualitative Studies. Alpert (1) has modified certain of Kohler’s 
chimpanzee problems for use with young children. The behavior of 
the children is classifiable in four types: (A) primitive responses 
such as reaching; (B) random responses; (C) exploration and elim- 
ination of unsuccessful responses; and (D) immediate solution. 
There are no chance solutions. No matter what the type of response, 
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it culminates in solution only if the subject has gained insight. The 
insight is not always complete and stable before the solution, but no 
sclution is unaccompanied by it. Its appearance may be immediate, 
gradual, or sudden. A discussion of insight and its criteria is 
included. 

Van der Veldt (100) has made an extensive analysis of the stages 
in the acquisition of single movements and of movement series. At 
first kinaesthetic factors are prominent ; but finally the stimulus word 
becomes a symbol of the movement which immediately follows. The 
complex serial movements become organized into wholes, losing their 
primitive original characteristics. The movements become continu- 
ous and possessed of a characteristic form. He cites this as evidence 
of the existence of motor wholes analogous to the better known 
sensory patterns. Van der Veldt contributes a thoroughgoing exam- 
ination of the stages in acquisition of these movement patterns and 
of the conditions of their functioning. 

Schlieper (80) distinguishes two main stages in the development 
of skill: (A) an early practice stage, during which the subject is 
maladjusted and is trying to make satisfactory initial adjustments, 
and (B) an exercise stage, during which the subject is striving for 
a better performance in a shorter time. A more detailed analysis of 
the mental factors in the initial stage is given. According to Good- 
enough and Brian (34) the following factors influence success in 
target-throwing: (A) emotional factors, as undue confidence or 
caution; (B) setting up of constant forms of unsuccessful pro- 
cedures; (C) false associations of cause and effect; (D) incorrect 
focussing of attention; and (E) random change in procedure with- 
out adhering to one long enough to develop control of it. 

In Perkins (67) analysis of the learning of a maze of fixed 
orientation, the factor of “ direction ” was discovered to be dominant 
in error elimination. Further, the selection of the true path seemed 
to be a positive rather than a negative process, since few subjects even 
indicated, either verbally or in their successive drawings, the points 
at which the blinds intersected the true path. The part actually 
grasped by the subjects was the true path. Wallon (102) defines 
awkwardness as “an habitual imperfection of movements,” and dis- 
cusses its types. In awkwardness the sensations from the movement 
itself, which are necessary to its adequate execution, are either 
abnormal or absent. 

General Treatises and Bibliographies. In The Psychology of 
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Learning, Pyle (73) summarizes a part of the work on skill, particu- 
larly that which has educational bearings. Pear (66)- discusses skill 
in relation to a large number of other factors, both experimental and 
industrial, and Griffith (35) surveys athletic skill. Skeeles (86) 
presents a general discussion of the factors operative in acquisition. 
Buchanan and MacPhee (11) have compiled a useful Annotated 
Bibliography of Modern Language Methodology in which pages 
299-374 cover references to the psychology of learning. There is 
also an introductory discussion of the problems involved in the 
learning of a modern language. 

Apparatus and Problems. Knotts and Miles (49) review the 
history of the construction and use of the stylus maze. Three- 
fourths of the maze patterns were designed at the University of 
Chicago, a fact which evidences the influence of Carr upon research 
in the field of skill. In the published patterns, the culs-de-sac vary 
in number from five to thirty-one. There has been some attempt to 
balance the number of right and left turns, but there is no standard 
practice in the ratio of the length of the true path to that of the 
culs-de-sac. From the review of the mazes in use it is concluded that 
there are ten desirable features in mazes: durability; rigidity; per- 
manently smooth bottom; smooth, even sides; possibility of per- 
manent graphic record; easily recognized goal; reversibility to give 
mirron pattern; changeable true path; parts of path numbered; and 
hidden blinds so that vision can be used. Knotts and Miles then 
describe a simple maze which possesses a majority of the advantages 
listed. Huang (41) presents an analysis of the structural features of 
the maze as an experimental instrument and discusses the various 
types of true paths and culs-de-sac and their probable influence on 
learning. The patterns in use vary in structure. Particularly do 
they show “an indiscriminate mixture of blinds varying widely in 
difficulty.” 

Miles (59) has designed a high relief finger maze of wire applied 
to wooden panels so that the pattern may be traced by passing the 
finger along on top of the wire. He believes that this has certain 
advantages over the stylus maze: (A) the subject has direct cutaneous 
contact of area rather than a mere point of extended touch; (B) the 
subject encompasses the whole width of the path; (C) this maze can 
be run more rapidly; and (D) it is less expensive and is easily modi- 
fiable. Husband’s (44) results amply demonstrate the greater ease 
of the finger maze. His subjects took 16.7 trials to learn the same 
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pattern for which Warden’s required 69.4 trials. The chief difference 
between the two experiments appears to be that of maze construction. 
Miles (58) has also described an arrangement of two duplicate mazes 
in which one maze is in full view, with the other directly below it and 
screened from view. The lower maze is to be traced while the upper 
is followed visually. Their relations to each other can be varied as 
desired. Cox (17,18) has used this maze in two studies. Mc- 
Ginnis (57) suggests that the Carr visual guidance maze with 
invisible stops, constructed out of vulcanized fiberboard, is particu- 
larly good for work with children. 

Perkins (67) has described a new maze technique which is a 
striking departure from the usual one. The patterns, which were 
difficult, were drawn on paper which was placed on a glass-topped 
table and illuminated from beneath in a manner which made the paths 
very distinct. The tracing “ stylus” was a tube, ten inches long and 
one inch in diameter, thrust through a twelve-inch black pasteboard 
square. The subject looked through the. tube while tracing. This 
permitted vision of both sides of the path and of the openings in it. 
The maze was three feet square and the subject had to be seated on 
a high stool so that he might reach all parts of the field. The pattern 
was so constructed that for each segment of the true path there was 
a blind, thus making points of decision always involve one of two pos- 
sible turns only. Regular and long sweeps were avoided. 

Van der Veldt (100) has used, in an extensive series of investi- 
gations, a device for studying the acquisition of connections between 
words and reactions, both single and successive, to lights seen in 
indirect vision. His apparatus, with its auxiliary connections, is fully 
described. Schlieper (80) presents two pieces of apparatus which 
set a problem, of the order of a game, requiring fairly delicate 
manipulations. A third and simpler apparatus is also described. 
The apparatus used by Schwarz (81) has been noted in connection 
with his conclusions regarding habit regressions. Several of Sea- 
shore’s (83) techniques for measuring serial action may also be used 
in studying the acquisition of skill. Lehman and Witty (53) figure 
an inexpensive mirror-drawing device which is easily assembled and 
dismantled. 

Garrison (32) has described a new rational analysis problem 
which is uncorrelated with intelligence, and Laslett (52) has arranged 
a series of 450 two-place by two-place multiplication problems for 
class use and a scoring method with a system of weights. Husband 
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and Miles (45) have devised a new card-sorting routine in which 
sorting proceeds by reaction to the previous card. Either color or 
form may be used as the sorting cue. 


II. LEARNING—THEORETICAL 


To the extent that it is systematically complete a theory of 
learning encompasses both the qualitative nature and the laws of the 
process to be understood. For the purposes of exposition, however, 
as well as because few papers aim at such completeness, it will be 
convenient to treat the theoretical contributions to the acquisition of 
skill under several different headings and to include such experi- 
mental work as possesses a wider theoretical significance. 

The Nature of Learning. Ogden (62) presents the thesis “ that 
an adequate description of behavior will reveal characteristics of 
integration rather than those of discrete parts in a merely additive 
formation.” Contents, materials, and the like, are conditioned by the 
systems in which they occur. On such a view there are four ways of 
improvement: (A) differentiation, which is the process by which a 
more “ perfect” form sets itself off from its less integrated ground ; 
(B) assimilation, by which two or more particulars integrate into a 
new whole; (C) gradation, which operates within (A) and (B) and 
signifies graded particulars; and (D) redefinition, which implies 
versatility. Learning is defined as improvement and the bias of a 
strictly analytic method is renounced in favor of a system in which 
form is more real than substance. In keeping with the tenor of 
Ogden’s thesis are the other Gestalt notions of learning which 
Hsiao (39) has recently reviewed. Every movement appears as a 
figure upon the background of the total organism and leaves a more 
or less permanent effect in the form of a Gestalt-disposition. Time 
and repetition are required for habituation because either external or 
internal conditions are such as to exclude the possibility of imme- 
diately apprehending the Gestalt. Repetition does not strengthen 
bonds: it prepares the ground for the appearance of the proper 
hgure. Improvement is the construction of a more complete 
Gestalt. It is the implication of Schwarz’ (81) results that the total 
and unified act determines the character of its parts. 


Although certain of the atomistic extravagances of current views 
are offset in these formulations, perhaps their chief significance, as 
they stand, lies in the new framework which they furnish to descrip- 
tion. This is no mean contribution; but when learning has been 
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described in terms of this framework, the processes and their 
resultant wholes stand as unique phenomena, sufficient each to itself, 
with no principle at hand for dealing with the fluid continuity of 
progressive change which is the heart of learning. Successive new 
wholes may be described adequately enough, but to what underlying 
properties and laws are they to be referred? Either the produced 
wholes must be treated as quantum-like appearances, or they must be 
referred completely to the nature of the world (in which case the 
postulates are made to bear a heavy load), or some principle must be 
found to make rational the appearance of the new. The papers men- 
tioned deal with views which hardly tell us more than that learning 
occurs in certain ways to which we have previously often been blind. 
In fairness it should be said, however, that this limitation can hardly 
be an intrinsic weakness of the proposed system. 

Peterson (68) points out that association doctrines are inadequate 
to handle constructive learning. The theory which he offers urges 
that the organism adjusts to wholes rather than to stimuli seriatim. 
Thus far the Gestalters would agree, but no farther. The crux of 
Peterson’s view is that adjustment to wholes is forced, on the one 
hand by “drives” or intraorganic changes, and on the other by 
external stimuli. The latter give direction to the former and present 
the possibilities of outlet. Many factors are, of course, involved, but 
in the end such forced reaction differs from a tropism “ only, or at 
least chiefly, in the readiness of yielding to the situation.” It may 
be queried if this view is not, though in a less narrow sense, open 
to the major criticisms which may be brought against the tropistic 
theory of Loeb. 

In connection with his work on the reduction of articulation, 
Judd (48) concludes that “learning cannot be explained as a mere 
accumulation of fixed neural processes.” A complex individual 
responds to subtle phases of meaning, not to mere pronunciation. 
Reduction of articulation is a symptom of the fact that an internal 
system of response to meaning, rather than to pronunciation, is being 
built up. Such a view of learning has extensive explanatory powers, 
but its validity depends upon the systematic consistency and com- 
pleteness of one’s treatment of the character of meaning, and upon 
this Judd is silent. His view suggests Orata’s (63) statement that 
habits are controlled and guided by meanings. 

After six days of practice on a Renshaw-Weiss pursuitmeter, the 
pattern of transit which the subjects were to follow was reversed 
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(Renshaw, 76). On the eighth day the order was restored and again 
reversed on the ninth day. On the reversal days the subjects 
reported notice of a change, but no significant alteration in perform- 
ance appeared, and no greater operating strain was reported. Ren- 
shaw believes that this failure of interference to show itself indicates 
that the pursuit act is not a true serial act; it is not “a complete 
response to a complete situation.” He develops a successive discrim- 
ination hypothesis according to which learning of this type consists 
in the increased discrimination of optical-tactual-kinaesthetic stimuli. 
As learning proceeds, each small local discrimination releases a more 
extensive phasic movement, until finally few receptors need to be 
excited to release the consummatory response. Such an hypothesis, 
however, requires the support of an adequate theory of short-circuit- 
ing and fixation. 

To Hollingworth (37) learning is typically a _ redintegrative 
phenomenon. It is the process by which a cue acquires instigative 
potency and its essential fact is the reduction of the stimulus leading 
toa response. Habit formation is “ the establishment of autonomous 
systems of movements linked to subtle cues.” We shall return to 
Hollingworth’s view of the elimination of intermediate stimuli and 
false responses. Wallon (102) insists that the perfection of an 
automatism does not consist in a definite fixation of a series of mus- 
cular acts, but rather in increasing liberation and adaptability of the 
movements to be utilized. Smith (87) concludes that trial and error 
play but a small part in the maze learning of human subjects. When 
conditions permit a “normal” response, “the individuals tend to 
react to the maze as a total situation and therefore with insight.” 
The concept of insight involved in this statement is not clearly 
defined. Schlieper (80) differentiates between skill as Anlage and 
skill as Letstung. As Anlage it is viewed as hereditary. In one 
chapter Pyle (73) gives an earlier published theory of learning to 
which he refers as a “ theory of brain action.” The essential part of 
the hypothesis is to be found in “ the focalized activity of the brain,” 
which is assumed to underlie general intelligence and general learning 
capacity. 

Hsiao (40) attacks the bond theory of Thorndike on the grounds 
that the additive nature of the bonds is a fallacious concept, and that 
bonds occur, not between situations and responses, “ but between per- 
ceptual responses and responses of other kinds.” He avers, also, that 
Thorndike’s concept of a situation as either exclusively external or 
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exclusively internal, is not consistently maintained, and that a situ- 
ation is really exclusively neither one nor the other. 

Principles of Learning: General Discussions. Some of the 
material from chapter XIV of C. L. Evans’ Recent Advances in 
Physiology has been summarized in a paper by Symonds (90) for 
the benefit of educational psychologists. Twenty-three generaliza- 
tions are given, all of them in the language of the conditioned 
reaction. From the standpoint of learning, as ordinarily studied, 
some of these generalizations are of doubtful validity, and not all are 
coordinate. Humphrey (42) offers a critical supplement to 
Symonds’ paper. There is no a priori reason why Pavlov’s results, 
obtained under laboratory conditions and with isolated stimuli, should 
apply in practical total situations. Several of the factors involved in 
the conditioned reaction are discussed. 

Reed (75) assumes that the laws of learning and of association 
are the same, the former being a general expression of both. The 
laws of learning must solve three problems: (A) the formation of 
connections; (B) the strength of connections; and (C) the elim- 
ination of false reactions. Reed’s discussion of the laws which fit 
these problems will be reviewed under the head of the individual 
laws. The treatments of learning by Dashiell (20) and by Holling- 
worth (37) are also in point. Several other presentations of the 
elementary laws of learning have appeared in current texts. Only 
the more advanced and original will be mentioned. 

Principles of Learning: Contiguity. Reed (75) formulates the 
law of contiguity thus: “If one of a series of reactions is repeatedly 
made to a group of contiguous stimuli, one of these stimuli will later 
be sufficient to provoke this reaction or series of reactions.” The 
“ repeatedly ” assumes, of course, the codperation of frequency. The 
law of contiguity is said to meet the requirements of the stimulus- 
response concept, the conditioned reaction, and the serial formation 
of habits. This, as do many statements of the law, neglects the fact 
that mere contiguity in itself is powerless. There must be a “ noting,” 
in Woodworth’s phrase, of the connected items, or some form of 
direct and unitary reaction to them both. It may be said that reaction 
to “a group of contiguous stimuli” implies this. It is doubtful, 
however, if such a statement escapes ambiguity. An organism may 
react to a group of stimuli as a unit without the occurrence of much 
differentiation. The conditions of the law are, thus, fulfilled, but 
one would hardly expect association to take place. For Holling- 
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worth (37) contiguity has no independent status, but is caught up 
into the redintegrative paradigm. 

From the standpoint of Gestalt-psychologie Kohler (50) has 
offered a trenchant criticism of contiguity. As a scientific principle 
it seems strange to him that a bond should be said to be produced 
between A and B, when they occur together, entirely without refer- 
ence to the properties of either. In natural science there is no single 
example “of an effect produced by the interaction of two things or 
processes quite independently of their properties.” Contiguity is, 
therefore, discarded and, for that matter, the whole of association 
is given up as an independent theoretical concept. It is but a name 
for the fact that organized processes leave a trace. For Kohler, 
“neighborhood in time and space influences association only in so 
far as it determines organization.”” The positive basis which Kohler 
provides for acquisition is less strong than his arguments against the 
traditional laws. “ Where organization is naturally strong we have 
spontaneous association; where there is practically no organization, 
association does not occur until some organization is created inten- 
tionally.” Organization is here made to bear the brunt of learning 
and it is either “naturally” present or must be “created inten- 
tionally.” In such case, its natural history and the operating prin- 
ciples of intentional creation require more precise formulation. The 
same request for a basic operating principle may be made of Holling- 
worth’s statement that the principle of learning “is neither similarity 
nor contiguity merely. It is the substitution of partial details of 
former antecedents (here is similarity, partial identity) in the instiga- 
tion of consequents similar to former ones (here is both contiguity 
and similarity).” What is the underlying principle, or what are the 
properties of the items, which are effective in producing this described 
substitution? In so far, of course, as they choose to remain upon 
the level of phenomenal description only, both Kohler and Holling- 
worth can reply that this demand is not pertinent. One is tempted, 
however, to ask for that further and more basic type of description 
which constitutes “explanation” and in terms of which prediction 
is possible. 


Principles of Learning: Frequency. The law of contiguity 
usually assumes the efficacy of frequency as a sub-law and the recent 
discussions of frequency will therefore be introduced at this point, 
in spite of the incodrdinate character of the two laws. The venerable 
law of frequency, the direct value of which most authors have 
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assumed regardless of Peterson’s experimental attack upon it, for 
example, has been vigorously assailed by Dunlap (25). Behind the 
traditional principles of recency and frequency lies what he terms the 
alpha-postulate of learning: “A response (that is, even a single 
response) to a given stimulus pattern definitely increases the proba- 
bility that on the reoccurrence of the same, or substantially the same, 
stimulus pattern, the same, or approximately the same, response will 
occur.” No one has denied that other factors may be present, but 
most writers have assumed that frequency itself has a positive effect. 
There are, however, two other thinkable postulates: the beta- 
postulate, “ that response, in itself, has no effect on the future proba- 
bility of the same stimulus pattern producing the same response,” 
and the gamma-postulate, “that response decreases the probability.” 
The beta-postulate receives Dunlap’s chief consideration. If repeti- 
tion has no direct effect, but merely gives certain positive factors 
their chance to operate, then it is possible that negative factors may 
also be allowed to act through frequency. In that case repetition 
might be used to abolish habits. He has proceeded tentatively “on 
the assumption that the satisfaction of abolishing an annoying process 
(and perhaps the futuric interest and expectation of such satisfac- 
tion), together with the expectation of attaining an end definitely 
thought of (antieipatory idea) and, where possible, the desire of this 
end, would be useful negating factors ” This was tested upon 


his own frequent mistake of writing “hte” for “the.” He typed a 


half page, single spaced, of “hte’s,” working deliberately with the 
futuric thought that this was a word which he would not write in 
the future. Several days later another practice period was taken. 
In three months he has not found an “hte” in his writing. This 
method has been applied to speech defects, thumb sucking, and other 
bad habits, with almost phenomenal results. These, Dunlap points 
out, do not prove the final truth of the beta-postulate, although the 
practical benefits of the technique are undoubted. Other significant 
implications of the theory are indicated. It is interesting that he 
avoids the term purpose, because he wishes to work “ on the plane of 
strict mechanism.” Futuric thoughts and expectations have, how- 
ever, a strangely unmechanical flavor. It is to be hoped that the 
manner of operation of these factors will receive exposition later. 
The beta-postulate has been tested by Holsopple and Vanouse (38) 
with 40 night-school students of typewriting who were just beginning 
to transcribe from shorthand notes. During a period of eight weeks, 
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eleven were found who had been making at least four constant, auto- 
matic errors in words which they otherwise knew how to spell. Each 
student was told of his constant misspelling and was asked to type, 
spelling as he had misspelled them, eight lines, the width of the page, 
of two of the words. The other two words, as controls, were given 
equal amounts of correct practice. All but one of the eleven students 
made errors, upon a subsequent test from dictation, in words which 
had been practised correctly, and none made an error in any word 
practised with incorrect spelling. Nothing is said about holding 
futuric thoughts during practice, but since the students knew that 
they had been misspelling the practised words, it is fair to assume 
that some non-frequency factors were at work. Carroll (13) insists 
that this experiment and Dunlap’s only tend to emphasize the im- 
portance of satisfiers and annoyers and of purposeful exercise. 
Lincoln (55) has also argued that frequency is important, but that 
it is not the only law of learning. It should not be forgotten, how- 
ever, that aside from the title of his paper Dunlap has not treated 
frequency as the only basic law of habit formation, but has urged 
only that some have thought it to have positive efficacy in and of 
itself. It may be pointed out that the experiments cited have not 
tested this assumption directly. They have examined instead one 
deduction from the contrary postulate that frequeticy is ineffective, 
and in so doing have avowedly introduced other factors (knowledge 
of errors, expectations, affective consequences, and the like) than 
mere frequency. It is possible, also, that an ideational frequency was 
at work on the correct spelling during the incorrect practice. There 
is no doubt that these factors counterbalanced any effect of frequency 
which may have been present. The results are highly interesting 
and of practical importance, but it is doubtful if they imply anything 
at all about the influence of frequency as such, although they do 
clearly show that frequency may give negative factors a chance to act. 

With equal vigor, Thorndike (94) has calied frequency in ques- 
tion through an extensive series of experiments. He gave his sub- 
jects such instructions as: “ Draw a two-inch line with your eyes 
closed,” and “ Write any number from 0 to 9 when you hear a word 
spoken.” In the latter case, e.g., certain words occurred with some 
relative frequency, and in the other experiments the sequence of 
instructions was arranged to make certain ones more frequent than 
the others. The incidence of the most common response to the first 
few occurrences of the frequent words was compared with that to the 
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last few in a long series. The results show that mere frequency of 
a connection does not strengthen it at the expense of weaker con- 
nections. “Greater relative frequency is not a selective force. To 
explain the facts of modifiability some influence from the consequence 
of a connection is required.” Mere frequency is here more directly 
tested than in the experiments inspired by the beta-hypothesis. It is 
not, however, tested in isolation from other, possibly disturbing, 
factors. In a total of 3,840 stimulus words, “admire,” e.g., occurred 
60 widely separated times. Let us assume that, at its first occurrence, 
a subject wrote the number 4. Between this occurrence of “ admire ” 
and its next a large number of other words were heard and num- 
bers written. These other connections, all of a somewhat logically 
similar character, were interpolated between the two appearances of 
“admire.” Admittedly we do not know to what degree retroactive 
inhibition operates upon this and the other connections studied, but 
it is a suggestive hypothesis that the interpolated connections would 
inhibit the recurrence of 4 when “admire” was heard, just as an 
interpolated list of syllables blocks the recall of a previously learned 
list, and that it would continue to do so. The same blocking may 
have operated, as it certainly had an opportunity to do, in all of 
Thorndike’s extremely ingenious experiments. This would be think- 


able on either a perseveration or a transfer theory of retroaction, 
and it may have obscured the effects of frequency, were any present, 
since a connection once made would, by inhibition, be kept from any 
great likelihood of functioning at the next application of the same 
stimulus. 


Refractory Phase. Thorndike’s (96) note on refractory phase 
in associative processes indicates a barrier against immediate repeti- 
tion which sets a limit to the operation of frequency. When subjects 
were asked to write a number between 0 and 9 each time a word 
was heard, the words following each other at a 2.5 second rate, the 
number of sequences was far below chance expectancy. With a time 
interval of 5 seconds the avoidance of sequences was not as great. 
The existence of a refractory phase is indicated here, although the 
diminished avoidance of sequences with a change in time interval 
from 2.5 to 5 seconds is not as great as refractory phase alone would 
lead one to expect. Dodge (24) considers that Thorndike’s results 
point to the operation of some general barrier against immediate 
repetition. He instances also the tendency against immediate repeti- 
tion in good writing and music, a barrier which seems to increase 
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with degree of intellectual development. He suggests two possible 
hypotheses, other than refractory phase, but casts doubt upon them. 
The subjects may have developed, consciously or unconsciously, a 
bias in favor of the distribution of their responses. But why should 
it develop so unanimously in the absence of any more fundamental 
tendency? Also, it might represent a habit of the group: but, if so, 
one would expect exceptions. Neither of these seems adequate, and 
Dodge believes that the unanimity of the tendency suggests a funda- 
mental and basic tendency. This may very well be refractory phase. 
Whatever the tendency, the barrier against immediate repetition under 
the conditions described seems established. 

Principles of Learning: Similarity. Reed formulates a law of 
similarity thus: “ An organism has a tendency to respond in the old 
way to old elements in a new situation: or, if an organism meets in 
a new situation elements similar to those to which it has made re- 
sponses before, it has a tendency to repeat these reactions.” This he 
takes to cover assimilation, transfer, analogy, and the like. 
Kohler(50) stresses the importance of similarity in the formation of 
new configurations and in the reproduction of old ones. Such treat- 
ments of similarity, even where they avoid the major difficulties of 
the associationists’ usage, are well-nigh meaningless without a cri- 
terion of similarity and a statement of the amounts necessarily 
involved. The critical remarks of Cole and of Orata in connection 
with the problem of transfer are also in point here. 

Principles of Learning: Relationships. Reed considers his laws 
of contiguity and similarity insufficient to account for the more com- 
plex forms of new adaptations, and suggests a third factor, the law 
of relationships: “ man makes adaptive responses to a complex situa- 
tion after first perceiving its essential relationships; or briefly, that 
man responds to relationships.” This law is hardly codrdinate with 
contiguity. Further, until the nature of relationships, one of the 
knottiest problems of logical theory, is clearly formulated, the law is 
of very doubtful significance. 

Principles of Learning: Effect. All of the principles discussed 
relate closely to the moot problem of elimination and fixation, but 
the papers on the law of effect are the most pertinent of all. Thorn- 
dike’s conclusion that the more frequent response will not, by fre- 
quency alone, gain at the expense of the rare, points, he maintains, 
directly to the operation of a law of effect: “ that what comes after a 
connection acts upon it to alter its strength.” He has studied (95) 
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the operation of this after-effect by having subjects judge the length 
of series of strips of paper, two of every unit length between 3 and 
27 cms. The influence of mere repetition is compared with that of 
the words “ right” or “ wrong” spoken by the experimenter about 
two seconds after the subject’s response. These words he takes to 
be the effects of the reaction. The results are unequivocally in favor 
of the condition in which “right ’or “wrong” follows the judg- 
ment. The mere repetition condition yields little gain in accuracy, 
while the other shows substantial gains. This experiment has been 
repeated by Abelson with concordant results, and a second experi- 
ment upon drawing lines while blindfolded supports the superiority 
of effect. Thorndike regards these experiments as crucial dem- 
onstrations “that the consequences of a connection work back upon 
it to influence it.”” The two experimental conditions are alike save 
for the consequences. Further, he believes that the consequences act 
on the connection directly and not by leading the subject to repeat 
them, because there was almost no time for such repetition and 
because to similar results from experiments on animals the latter 
explanation would hardly apply. By a direct favoring of a connec- 
tion nothing mysterious is meant. It may be a longer duration of 
the connection when “ right” is heard. Such an hypothesis avoids 
the current criticism that the effect is retroactive and as such is hard 
to conceive in operation. Likewise, Hsiao’s (40) criticism that the 
doctrine of satisfaction is equivocally defined, sometimes as neural 
conduction and sometimes as sensory excitation, is met by the broader 
view of “ effect” which is taken by Thorndike in this paper. 
Thorndike’s results with single connections and immediately fol- 
lowing effects are clean cut, and the possible explanation which he 
offers avoids the logical difficulties into which many discussions of 
the law of effect have fallen. The operation of this law in the selec- 
tion of acts during the acquisition of a complex serial habit, where 
the effects are both less easily interpretable and more delayed, and 
where no conscious identifiability, of which Thorndike speaks in 
interpreting the results of his line-drawing experiment, is still an 
open question. Peterson (68) can still inquire why the whole pre- 
ceding series, random movements and all, are not fixated, for all have 
led to the pleasurable final result. 
It is difficult to do justice in a few lines to Troland’s (98) inter- 
pretation of effect, since it is intimately bound up with his whole 
elaborate theory of motivation. His criticisms of other views of 
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learning, and his interpretation of lesser problems, must receive scant 
mention only. Several terms must first be understood before ap- 
proaching his treatment of effect. Retroflex action, his basic concept, 
includes nociception, which is indicative of injurious conditions and 
is accompanied by a decrease of the conductances of operating cortical 
adjustors, and beneception, which is indicative of beneficial conditions 
and is accompanied by an increase in conductance. Conductance is 
the measure of the tendency of an adjustor to be set off by its 
adequate stimulus or by appropriate nerve currents. Retroflex action 
is a “ back-kick” of organic effects into the cortex. A beneceptive 
“ back-kick ” enhances the tendency which it follows, and a nocicep- 
tive one reduces the preceding tendency. Thus cortical conductances 
which fail to satisfy an appetition or which lead to dissatisfaction are 
inhibited, and those which lead to satisfaction are relatively increased. 
Troland considers it absurd to reject hedonistic interpretations be- 
cause we cannot understand how feelings can act on nerve processes. 
His mind-body view brushes aside such difficulties, thus meeting the 
common criticism, recently voiced by Peterson (68) that the law 
of effect assumes a dualistic action of consciousness on neural pattern. 
The law of effect thus becomes a fundamental law and effect in- 
fluences learning directly. In maze learning, e.g., “the algebraic 
sum will always be in favor of the series of responses which solves 
the maze in the least possible time and involves the smallest number 
of elementary reactions.” 

In spite of the accompanying psychological continuum, which 
figures in Troland’s system, the theory of retroflex action is primarily 
a theory of the functioning of the nervous system and as such. is 
open to whatever criticism may be brought against the neurologizing 
of psychological data. Troland takes the fact that the results of an 
action somehow affect its reoccurrence, and assumes that the effect 
is an explanatory principle, and then speculates regarding what, in 
the nervous system, must have brought this to pass. It is question- 
able whether anything is gained by restating psychological facts in 
neural terms, even on the most rigorously careful mind-body assump- 
tion, unless the knowledge is at hand to explain the assumed neural 
events. When this is lacking, as there is small doubt that it is, we 
gain only a false security by neurologizing. Much the same thing 
may be said of Hsiao’s (40) hypothesis, “ which regards the need as 
the center of behavior irradiations, and the neural nature of such 
irradiations as the basis upon which the selection of responses and 
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their later tendencies are determined.” Satisfaction intensifies the 
nerve path from the center of a need: it is not extraneous to the 
successful response, but is essentially connected with it. It is 
assumed that the irradiation leading to the consummatory response 
becomes connected with the irradiation underlying the latter and that 
later they will function together. 

Hollingworth (37) accepts the law of effect “as a rough prin- 
ciple of human engineering,” but not as an explanatory principle. 
Pleasantness and unpleasantness affect conduct “by modifying the 
stimulus, not by mystical operations on the movements.” The burnt 
child shuns the fire because the fire is a new stimulus; it has become 
“flame plus fear.” But, it may be asked, is this not an alteration 
for the subject and, if so, is not a principle needed to cover the 
alteration? Reed’s (75) interpretation of the law is that it “ states 
the condition under which exercise strengthens or weakens a re- 
action,” but does not add directly to the strength of the connection. 

Dashiell (20) affirms that “as a general principle of observation 
there is no denying the law of effect,” and summarizes his analysis 
of its action in two propositions. “If to a situation S; a given R, 
is made which brings about a condition that stimulates an antagonistic 
R, that has right of way, the original S; becomes conditioned to R» 
and thus inhibits Ry. On the other hand, if to a situation S; a given 
R, is made which brings about a condition that stimulates an allied 
Rs, the original S; becomes conditioned to Rs and thus facilitates R;.” 
If one assumes an objective system of psychology, this seems a clear 
statement of what goes on. But why should S; become conditioned 
to R2 or to Rs? Is not this what the effect is supposed to explain? 

Elimination and Fixation. The principles of learning thus far 
reviewed are, in one sense, also principles of elimination and fixation, 
or at least may form constituent parts of a larger theory. It has 
seemed best to treat them as principles independently of their specific 
significance for this problem. Some work remains which is aimed 
directly at elimination of errors, but which does not fall under any 
of the preceding heads. Swift (89) surveys critically the major 
current theories of learning and concludes “ that little or no positive 
progress has been made in explaining the elimination of errors.” 
He then states his own neural tension theory, which proceeds on the 
conviction that investigators of the sensory aspects of learning have 
been working at the wrong end. The solution should be sought in 
the interplay of central neural forces. The theory assumes “a sub- 
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excitation caused by the retention of the effect of reactions,” and this 
subexcitation is “the directive force” in learning. No actual ex- 
planation of elimination is attempted, however, for ‘neural impulses 
are said to work their way to the solution of a problem after the 
manner of a physical resolution of forces, but “in some way not yet 
understood,” and Swift closes with the statement of the problem: 
“The essential question in both cases” (rats and men), “is, What 
gives one neural impulse—the one that helps toward the true solu- 
tion—dominance over others?” Hollingworth (37) contends that 
intermediate stimuli drop out because they do not have time to occur. 
False responses are not eliminated : the initially involved stimuli come 
no longer to be required because all tend toward the same consequent. 
This places the emphasis on a somewhat different aspect of error 
elimination, but does not state the principles in terms of which the 
resultant cue reduction occurs. 

Neural Function as an Explanatory Principle. Johnson (47) has 
constructed a theory of the more complex mental functions, which 


is entirely & theory of nerve function. His paper “was written 
partly to show that the phenomena of imagination, ideation, and 
learning are a part of the field of neurology and more generally of 
biophysics and physical chemistry: an adequate reduction to law of 
the phenomena of irritation, conduction, contraction and secretion 
will cover these facts as well as the behavior of fragmentary prepara- 
tions of isolated organs.” The theory, which cannot be summarized 
fairly in small space, rests on three basic assumptions regarding 
(A) the nature of the nerve impulse, (B) the nature of a single 
discharge of a receptor or nerve cell, and (C) a variable selectivity 
of conduction on the basis of synchronism. It is worked out with 
care and completeness. In conclusion Johnson registers dissent from 
the view “that psychologists should refrain from speculation as to 
the physical basis of thought and learning until the neurologists 


” 


accumulate more facts. If definite enough, and in scientific 
concepts, he contends that such speculation is useful, particularly 
because other scientists are unlikely to assume any of our special 
problems. 

This belief that the approach to the difficult problems of learning 
lies most profitably through the nervous system has found frequent 
expression in the papers of the last two years. These papers have 
been reviewed in other connections and need be but recalled here. 


Swift has avowed his faith that the selective agency in error elimina- 
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tion lies in an interplay of neural impulses. Troland has dealt with 
learning primarily in terms of physiology and, in fact, his whole 
system of motivation is basically physiological. Hsiao’s theory of 
irradiation places the determiner of learning in the nervous system. 
Kohler asserts that “in some degree all sound theories of memory, 
of habit, and so forth, will be hypotheses about physiological traces.” 
In Dashiell’s treatment of learning, while neural theory is little re- 
sorted to directly, the neural aspect is considered as systematically 
basic. Indeed, where any trace of theorizing appears in current 
writing, it is rare not to find the functioning of the nervous system 
figuring heavily. The only forceful objection to this tendency has 
been that of Hollingworth, who writes regarding not learning alone, 
but the whole of psychology: “ When the facts of neurophysiology 
and of psychology are once well established, their correlation will 
be both imperative and interesting. But our present ignorance of 
whether, how, or why neurones are connected should not be sub- 
stituted for an empirical description of the play of mental processes. 
We should look first to the account and relation of the psychological 
facts themselves, searching there for unity and coherence.” His 
whole treatment of learning, only a few aspects of which have been 
discussed in this review, is a consistent working out of this point 
of view. 

The current trust that, by some necromancy of the nervous 
system, our persistent learning problems will one day be solved, is 
but an expression of the more general drift of the recent history of 
psychology. It is part, too, perhaps, of the overcompensation of a 
young science eager to break with metaphysics and subjectivity. It 
may be not too much out of place, however, to inquire what specu- 
lation about neural function has contributed to the problems of learn- 
ing, or can now contribute. Can we, for example, deduce from either 
knowledge or speculation about neurophysiology any single significant 
fact which will illumine learning, or frame any theory which is ex- 
perimentally testable in a psychological laboratory? Outside of a 
few simple facts which are of importance more for behavior in 
general than for learning specifically, it is very doubtful if we can. 
The theories of nervous function in learning bear witness to the 
statement that few attempts have been made to deduce psychological 
facts from neural data or neural hypotheses. Rather the procedure 
has been to start with the observed psychological facts which set the 
problem and then to attempt a speculative account of what may have 
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happened in the organism. The theories are, thus, little more than 
speculative translations of learning data into neurological hypotheses. 
They have no status other than that of a devout hope that the solution 
of our problems lies in the nervous system. Until neurophysiology 
knows enough about neural function to predict learning data, it may 
be that the psychologist will do well to avoid the escape-reaction of 
carrying his speculative ventures into the domain of the neurologist 
and the physiologist. At present we know far more about learning 
than they do about what happens in the organism when one learns. 
In so far as speculation by a psychologist about nerve function sets 
worth while problems for psychology, physiology, or any related 
science, it is beyond condemnation, but until it can contribute directly 
to learning theory, it seems in so far futile. We gain nothing by 
trying to explain our unknowns by other and hypothetical unknowns. 

One may seem to lay himself open by such a view to the charge 
of desiring to work with a world of ‘ pure mind,” a world in which 
“ mysticism,” “intuition,” and the other ghosts which haunt the 
scientific marshes have free play, and where loose thinking is as good 
as rigorous logic and painstaking experiment. It is not necessarily 
so. Data need not be expressed in biophysical or kindred terms to 
be scientific data. It is possible, and withal more profitable, to con- 
struct a system of learning theory which shall render the facts 
coherent without moving outside the continuum of psychological data. 
It can be urged that this will result in a world of abstractions, lacking 
the solid anchor of the nervous system. This objection is not irre- 
futable. It is of the structure of science that, as it progresses, (it 
grows more abstract, and psychology may well take a leaf from the 
book of modern physics. In any case, we shall have to deal with 
abstractions. It is a question merely of what reference we shall 
give our concepts and of the consistency with which we use them. 
The criterion lies in the final unity of the resulting system. It is 
doubtful whether the present neuro-speculation carries us far toward 
this goal. 


III. RETENTION 


The paucity of studies of the retention of skill, which was noted 
in the review for the years 1917-1927, continues to an even more 
pronounced degree. This is the more remarkable when one considers 
that, from any but a very narrow and immediate interest, virtually 
all learning assumes subsequent retention as one of its most impor- 
tant outcomes. As things stand, however, work on the acquisition 
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of skill has gone on with blithe unconcern for the permanence of 
the acquisitions. This can hardly be ascribed to any valid certainty 
that what affects learning affects retention in equal direction and 
degree. It is not only thinkable but probable that with some factors 
the relation may even be inverse. To isolate and measure the influ- 
ence of the factors conditioning retention is surely coordinate in 
value with similar accomplishments in the field of acquisition. More- 
over, it seems a defensible inference that a knowledge of such con- 
ditions would set us far on the road to a solution of some of the 
vexed theoretical problems of learning. 

De Weerdt (23) has tested, after an interval of four months, 
the retention of improvement from an original eleven days of prac- 
tice, by fifth grade children, in substitution, addition, reading, can- 
cellation, multiplication, and multiplication by substitution. The small 
amount of practice involved in two days of retesting brought the 
group to a level about equal to that at which they had left off four 
months previously. This represents a relatively high degree of 
retention, especially in the functions which must have received little, 
even of nonspecific, practice during the interval. It is an important 
fact that the ten subjects lowest in I1.Q. relearned as well, in pro- 
portion, as the ten highest. Eight and one-half months after the 
end of Cohnen’s (15) experiment in throwing balls at a target, not 
only had his subjects forgotten nothing, but performance was slightly 
better than at the close of practice. The original practice had been, 
however, very great, covering 100 days. The correlation between 
the first day’s performance in this series and that of the last day 
in the preceding series is 0.44. 

Cathcart and Dawson (14) discover a “ persistence’ 
which appears both under simple laboratory conditions and under the 
more complex conditions of piano playing. This factor is evidenced 
by the finding that “the rate at which simple repetitive movements 
are reproduced is deflected toward the rate at which intervening 
movements of a similar kind have been made.” “It is readily 
obscured or exaggerated by consciousness of its presence.” “It can 
be controlled, perhaps eliminated, by training.” This may be a 
significant factor in remembering or in forgetting. 

According to Tsai and Abernethy (99) the difficulty of retention 
for reproduction after an interval of one day increases slowly but 
uniformly with the complexity of the Chinese characters studied. 
Alpert (1) makes retention a secondary criterion of insight in prob- 
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lem solution by young children. Van der Veldt (100) finds that 
learning in which the subjects actually make the movements gives 
better retention than that in which they make, during practice, only a 
perceptual response to the stimulus to the movement. 
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MENTAL WORK * 


BY ARTHUR G. BILLS 
The University of Chicago 


I. THEeorETICAL AsSPEcTs oF WorK AND FATIGUE 


Discussions of the results of continuous mental work on its 
efficiency tend, more and more, to relate the phenomena to the bio- 
logical process of refractory phase, or the inhibitive effect of repeated 
stimulation of a simple neural process on its subsequent operation. 
Many other contributive factors are mentioned but homogeneity 
appears to be the chief one in decrements developing in primarily 
mental operations. Thus Poffenberger (65), investigating decre- 
ments in such diverse tasks as addition, judgment of composition, 
sentence completion and intelligence tests, concludes that the more 
nearly the work involves the continuous exercise of a single function, 
the more will output decrease. Thorndike (77) apparently hit upon 
a refractory phase phenomenon in free association. His subjects 
were instructed to write any number between O and 9 whenever they 
heard a word. A long series of words was read off at the rate of 
one per 2% seconds, in which many repetitions occurred. The num- 
ber of resulting repeated response sequences was far less than chance 
would give, and tended to grow less from day to day. An increase 
in the time interval between stimuli gave more repetitive sequences 
in the responses. Apparently there is a set to avoid repetitions, due 
to the impaired readiness of the particular neural process to respond. 

Dodge (13) explains avoidance of repetitions in writing and 
music similarly and suggests that aversion to repetition increases with 
the complexity of the mental process, but is relieved by automatiza- 
tion, so that day dreaming may go on simultaneously. The fact that 
not all repetition is displeasing in music and writing, as in refrains, 

1 The last previous review under this title was that of Robinson, PsycHot. 
Butt., 1921, 18, which covered the literature between 1912 and 1920. Later 
the subject matter was divided and appeared in three reviews in the PsycHou. 
But, 1927, 24, namely: Spencer, The Curve of Work and Related Phe- 
nomena; Darrow, Physiological Conditions of Efficiency; and Bills, Inhibition 
and Facilitation. These reviews covered the period from 1921 to 1927. The 


present review combines again the subject matter of mental work (except 
physiological conditions of efficiency) for the period from 1927 to 1929. 
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he explains by the temporal relations of the repetitions. Where im- 
mediate repetition merely reinforces the stimulus, it is pleasing; 
where it falls in the refractory period it annoys; while, falling in the 
rebound period, it pleases again. He postulates two opposed tend- 
encies in mental work—perseveration and refractory phase—each 
counterbalancing the other. 

Russian investigators explain fatigue in terms of a central inhibi- 
tion. Thus Vasilyv and Knyaseva (83), in ergograph experiments, 
find that by slowing up the rhythm an optimal condition of stimula- 
tion uniformly gives increased working capacity to the finger. They 
noticed that after one minute’s maximal work on the dynamograph 
the work capacity increased, and explain it as due to the fact that 
“excitation follows inhibition.” In 24 ergographic experiments on 
five subjects they got an increase of work capacity for the extensors 
after fatiguing the finger flexors; and an increase for the flexors 
after extensor fatigue. Inhibition of one motor center is accom- 
panied by facilitation of antagonistic centers. 

Johnson (44) offers an explanation of mental fatigue, as of 
physical, in terms of muscular exhaustion and poisoning. “ Brain 
activity and muscular activity,” says he, “are inseparable.” “In 
mental fatigue, as in other forms of bodily fatigue, the structures 
which are our main concern are the muscles.” This revives Watson's 
hypothesis. Johnson points out the analogies in behavior in extreme 
fatigue and alcohol intoxication and asphyxiation, and postulates a 
common cause in oxygen starvation. However, for him it is muscle 
starvation, rather than the nerve starvation which Verworn postu- 
lated in explanation of refractory phase. Johnson points to the 
temporary facilitative effect of a mild amount of work as a case 
of the stimulating action of small quantities of fatigue toxin. He 
might conceivably explain the warming-up phenomenon on some 
such basis. Attractive as this doctrine of muscular fatigue is, to 
account for mental decrement, it is hardly tenable in the light of 
studies showing the negligible amounts of carbon dioxide increase 
resulting from continuous mental work. Some process of cumulative 
neural refraction seems to tally best with the facts. 


II. THe Curve or Work 
1. Individual Variations. Interest is turning again to individual 
fluctuations in the work curve, and their possible relation to attention 
waves or physiological rhythms. Clearly related are the attempts. 
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to determine whether there are “natural rhythms” of work for 
different individuals. Fligel (22) reports regular oscillations with 
alternate drop and rise each minute in the work curves from 46 
eleven-year-old girls working on Kraepelin adding sheets. The 
subjects worked 20 minutes per day for 46 working days. All the 
curves showed the one-minute rhythms. However, since a time 
signal was given each minute, the fluctuations are probably a function 
of this, representing repeated spurts of energy, since the subjects 
were working under a wage bonus incentive. Travis and Tuttle (81) 
note periodic fluctuations in the strength of the knee jerk and Achilles 
jerk, occurring about every third jerk, and suggesting capacity fluctu- 
ations of some sort. 

Regarding a “ natural” rate of work for individuals, Anders (2) 
reports the discovery that individual rates of movement are corre- 
lated with pulse and breathing, but that some persons are uninfluenced 
in their rate of movement by pulse tempo. Mace (56), considering 
the factors determining “ natural ” rates of mental and physical work, 
stresses the fact that the ratio of “natural” to maximum rates of 
working is far from constant, a fact to be kept in mind in administer- 
ing mental tests. Lau (52) investigating the modifiability of personal 
rhythm finds that the efforts of the same individual to beat time 
during various activities do not reveal an identical rhythm. 

This may be understood in the light of the results of Cathcart 
and Dawson (8). They attempted to discover a “ natural” rhythm 
of work. They found very great constancy in work rhythms with 
the ergometer, over as much as three years’ time; thus a rhythin of 
128-130 compares with one of 130 in the same subject three years 
later. And, when subjects were directed to adopt a comfortable rate 
they struck one which was remarkably constant from day to day. 
But the authors are uncertain whether this is learned or not, in view 
of their finding that work rhythms are much influenced by preceding 
rates. Thus when the “ natural” rate was 55, a distracting rate of 
92 changes the subsequent “ natural” rate to 73; a distracting rate 
of 31 changes it to 42. Studies on musicians showed that only highly 
trained subjects could resist preceding rates of movement. Braun (6) 
compared a number of subjects as to the speed with which they 
performed the same task, and. found that each one, if unconstrained, 
moved at his own characteristic rate, or “ personal tempo.” This is 
especially true when the functions involved are predominantly motor. 
The personal tempo is not so clearly manifest in tasks where it is 
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masked by the participation of higher mental functions. It can be 
deliberately changed by an induced mental set. 

Regarding individual variability an investigation by Wein- 
land (88), though employing muscular tasks, is apropos. His sub- 
jects worked to the beat of the metronome on simple rhythmical 
movements with varying load. He found great individual differences 
in variability, but in general fatigue increased the variability, and it 
was greater at the low output end of the curves, as was the tendency 
toward deviation of individual curves from the average. The more 
difficult the task, the greater the variability in performance. Varia- 
bility at the beginning of the work curve was largely a function of 
preceding conditions of work or rest. 

Farmer (16) is impressed by the close parallelism between the 
individual curves of performance which he studied. He concludes 
that people tend more toward similarity than toward difference; 
and similar factors affect different persons similarly. This is the 
trend of Ferrari’s (20) results in comparing individual fatigue curves 
with coilective fatigue curves. Corberi (10), on the other hand, is 
impressed, as a result of his experiments on continuous addition 
over several consecutive days, with the wide differences which the 
individual curves show, which could not have been predicted from 
direct observation of the subject’s performance. 

2. Initial Spurt. In an experiment of Aurin (3), four groups of 
subjects worked thirty minutes per day on three alternate tasks, 
ten minutes of each, over a period of twenty-four days. The tasks 
were Kraepelin adding sheets, peg board, et cetera. A control group 
worked on one single task. She found initial spurt invariably present, 
lasting about one minute. Any preceding work interfered with the 
amount of initial spurt, as, for example, where peg board preceded 
adding. Mild excitement, like surprise or disappointment, tended 
to lessen the amount of spurt. Incidentally, alcohol lessened the 
amount. Practice did not increase the spurt appreciably. In spite 
of variable conditions the amount of the spurt remained surprisingly 
constant. Fliigel (22), in the study already mentioned, reports a 
drop in this curve from the first to the second minute of 45 per cent 
of the total drop. This gives evidence of a decided initial spurt 


phenomenon in his study. 

Leiner (53) required 180 gymnasium students to add figures for 
a: 45 minute period on each of two successive days. Their output 
during each 3 minutes was noted. The mean curve shows a pro- 
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nounced drop between the first and second 3 minute intervals. This 
drop is even more decided on the second day of practice. He explains 
the high initial output as due to excitement, and a feeling of com- 
petence to the task. The interesting fact is, that practice increases 
rather than decreases it. 

3. Warming-up. That a warming-up phenomenon, quite distinct 
from any practice effect, occurs in learning efficiency when more than 
one list of nonsense syllables is learned in immediate succession, has 
been pointed out by Heron (35). Using paired associate lists, of 
differing degrees of identity, with the object of studying the relation 
of similarity to negative transfer, he incidentally noticed that no 
negative transfer occurred, but a positive facilitating effect which far 
exceeded any day-to-day practice effect, cutting the repetitions neces- 
sary to learn down about 30 per cent, and the errors about 40 per 
cent. That it was not positive transfer is shown by its failure to 
carry over to the following day. 

4. General Decrement. The relation of the general decrement to 
the homogeneity of the material has been pointed out. Poffen- 
berger (65) in the experiment already referred to, studied relative 
decrements in four mental tasks, involving widely different degrees 
of homogeneity. In some cases his subjects worked to exhaustion ; 
in others a set time. He found that in continuous addition, carried 
to exhaustion, a 20 per cent drop in efficiency occurred ; a 10 minutes’ 
rest caused a recovery of 8 per cent. The absolute length of the 
work period varied from an hour to 4% hours, depending on the sub- 
ject. In judging compositions for 4% hours, a 4 per cent drop 
occurred but a 10 minute rest caused an 8 per cent recovery. A 5 
hour session at sentence completion gave no consistent change; while 
continuous work on intelligence tests gave a rising curve like a 
learning curve, so that just before the rest the subject’s efficiency 
was 20 per cent higher than at the start. These results are consistent 
with the previous data of Robinson and Bills, in which decrement 
was found directly proportional to the homogeneity of the tasks, 
when uncomplicated by the factor of competition between the neural 
processes involved. 

There is some evidence that subjects may acquire the capacity to 
resist fatigue from monotony in homogeneous tasks, by building up 
a division of attention. Dwelshauvers (15), in his discussion of the 
education of automatism, has discovered that it is the more intelligent 
subjects who are most suctessful in building up such resistances. 
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This also confirms the introspective reports of subjects in the Robin- 
son and Bills experiment ; i.e., they were able, by deliberately indulg- 
in> in revery concomitant with the homogeneous task, to resist 
fatigue. Sometimes this is a disadvantage. Davies (12) finds that, 
where homogeneous work leads to monotony, it gives opportunity 
for discontented revery, which reacts on efficiency. Lipmann (55), 
in considering the psychological results of mechanization, points out 
that monotony does not inhere in the repetitive job as such, but in 
the worker’s attitude toward it. Fliigel’s (22) results on continuous 
addition by highly motivated eleven-year-old girls show much deeper 
drop than Poffenberger’s subjects, amounting to 13.6 per cent of 
the initial record in a half hour’s work period. He finds that, rela- 
tive to the amount done, the subjects tend on the whole to suffer 
less from fatigue as they improve through practice. 

5. The Work Curve Equation. On the analogy of the learning 
curve equation, a few attempts have been made to establish a typical 
equation for the curve of work. An equation had been previously 
worked out by Ioteyko from ergograph curves. Neifeld and Poffen- 
berger (61) found that their work curves, from muscular contrac- 
tions of the arm, for different individuals and for the same individual 
engaged in different kinds of work, are adapted best to a parabola 
of the third degree, of which the equation is: 

y =a-+ bx — cx? + dx’. 


“e ’ 


It differs from Ioteyko’s only in that terms “a” and “c” are always 
positive, and “b” and “d” are always negative. loteyko attempted 
to draw inferences from her equation, analyzing the fatigue curve 
into three parts; consumption of energy-producing matter in the 
muscle, liberation of nervous energy, and accumulation of toxins. 
Neifeld and Poffenberger were unable to apply such an analysis to 
their curves, but obtained, rather, merely an empirical fit, which 
showed nothing of the laws of fatigue, and merely made possible a 
simple description of the data, and a facilitation of comparisons. 
Their curves were not so uniform as hers, either between individuals 
or for the same person on different tasks. 


III. SusyectivE AND OsyjECTIVE FATIGUE 


It has been recognized for some time that subjective feelings or 
estimates of fatigue are quite distinct from either fatigue defined 
as decrement in output, or fatigue conceived in terms of physiological 
changes. Opinion still differs as to whicff of these should be identified 
with the term fatigue, amongst those theorists who have not already 
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abandoned the concept altogether. A recent discussion of the logic 
of the fatigue concept is that of Page (64). Evidence accumulates, 
however, emphasizing the discrepancy between subjective estimate 
and objective capacity and output. Poffenberger (66), in his study 
of decrement in four tasks of varying homogeneity, already described, 
incidentally took introspective reports of the subjects’ feeling tone 
at the end of every 21 minute period in these 54% hour tasks. Seven 
degrees of feeling tone were recorded from “extremely good” to 
“extremely tired.” Arbitrarily designating the initial feeling level 
as zero, he assigned a plus value to changes toward more unpleasant 
feelings and a minus value to changes toward more pleasant. Output 
and feelings were plotted separately. Results show that feelings 
dropped right from the start, and much more rapidly than output. 
In the intelligence tests there was an improvement of 20 per cent 
in output, and a drop of 1.3 steps in feeling; while addition gave a 
loss of 20 per cent in output, and of 2.1 steps in feeling. The author 
concludes that there is no positive relation between changes in output 
of work and feeling changes; but that among individuals, those who 
show the greatest output loss suffer the greatest decrement in 
feeling tone. 

Haas (33) has given a basis for physiological distinction between 
so-called objective and subjective fatigue. When heavy demands on 
a muscle in voluntary contractions cause rapid fatigue, an increase 
in action currents is found; whereas a slowly developing fatigue is 
characterized by a gradual decrease in the action current, due to the 
development of fatigue products. He presents evidence for identify- 
ing the latter with fatigue feelings. 

Closely related to the inaccuracy of subjective estimates of fatigue 
is the unreliability of subjective judgments of one’s capacity to do 
work. Filter (21) obtained estimates from subjects, of the amount 
of work they could do in three minutes, in a large variety of tasks 
involving controlled association, memory, and acts of skill. He 
found no relationship between the correctness of their estimates and 
their actual performance; and with younger subjects a negative rela- 
tionship appeared. Ability to estimate correctly is not correlated 
with intelligence, but good performers estimated their capacity more 
correctly than poor performers. Farmer (17) got similar results 
with regard to the ability of 428 boy apprentices to judge the relative 
difficulty of graded tasks on a pursuit-meter. Only slight agreement 
was found between performance and estimate, and the most erratic 
performers were the poorest judges of relative difficulty. 
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IV. PuysrotocicaL Errects or Work 


More definite evidence is accumulating with respect to the physio- 
logical effects of mental work. Goldberg and Lepskaia (26), study- 
ing changes in the leucocyte formula, noted the appearance of 
neutrophilia, which might affect 82 per cent of the leucocytes. 
Leucocytosis is the main result of an autointoxication, through 
altered metabolism and through the irritating action of decomposition 
products on the hematopoetic organs. This irritation is stronger 
during mental than during manual work. Tronconi (82) reports the 
following changes in fatigued animals: a marked chromatolysis of 
the tigroid zone in the large cells of the spinal ganglia; a great 
decrease in the number and size of the mitotic figures, and reduced 
staining properties ; and on microscopic examination, a diminution of 
fatty and lipoid substances in the ganglion cells, and those of the 
spinal cord, with a tendency to ring forms. 

Regarding the metabolic effects of mental work, reports of dif- 
ferent experimenters have conflicted, ever since Benedict and Car- 
penter’s classic experiment with the respiratory calorimeter reported 
in 1909. Techniques have improved somewhat, but as yet no method 
has been devised, less clumsy than the elaborate gas analysis tech- 
nique and yet accurate enough to detect changes produced by mental 
work, which are likely to be magnitudes in the neighborhood of one- 
half to 1 per cent. A knowledge of the technical loopholes in the 
findings reported makes their significance somewhat doubtful. 
Chlopin (9) and others, in what appears to be a careful study on the 
influence of mental activity on the respiratory and energy exchange, 
give indication of a general increase in metabolism. Matsushima (59) 
tested ten mental workers on the rate of oxygen consumption during 
working hours with a Krogh’s spirometer (an instrument of doubtful 
validity except for routine basals). He found that 0.247 liter of 
oxygen was consumed per hour per kilogram of body weight, and 8.3 
liters were needed per square meter of body surface. As compared 
with absolute rest, an average of 5 per cent increase in oxygen con- 
sumption was noted. Laird (50) studied the increased energy 
expenditure in such mental tasks as typing at top speed, mental mullti- 
plication, learning nonsense syllables, sustained attention, and fine 
muscular coérdination. Weeks of quiet were alternated with weeks 
of noise. The periods lasted two hours, preceded by a half hour’s 
rest, and samples of air were taken every fifteen minutes. In the 











MENTAL WORK 507 


noisy phase the average energy expenditure was 71 per cent higher 
during work than during rest; and, in the quiet phase, only 51 per 
cent higher. The effect appeared ten minutes after the start. It is 
interesting that Laird and Wheeler (51) got a much greater increase 
in metabolic rate from mental multiplication carried on after a loss 
of a night’s sleep, than when the same work follows a regular night’s 
sleep. 

The suitability of the differential calorimeter to studies of energy 
output in mental work is discussed by Noyons (63). Fenn (19) has 
measured the oxygen consumption of a frog’s nerve during stimu- 
lation, with an induction coil. He finds a 26 per cent increase of 
oxygen consumption over the resting level. A confirmation of the 
all-or-none law is shown in the oxygen figure, by the fact that the 
excess oxygen consumption is not increased by heightening the 
intensity of stimulation, but only by increasing its frequency. 
Ponzo (68) points out that, during mental activity, the inspiration- 
expiration ratio is smaller than in the phase preceding activity. Since 
this same effect appears in the verbal expression of thoughts, he 
explains it as an instance of “ psychic motor perseveration” of the 
speech habit. 

Other functional effects of mental work are reported by Kantoro- 
vitch (45), and by Verwoerd (87). The former studied the effect 
of mental fatigue on a previously established associative reflex. 
Fatigue was produced by complicated arithmetical work. A com- 
panion study was made on physical fatigue induced by dynamometer 
squeezing. It had no effect on the associative reflex; whereas the 
mental fatigue resulted in the extinction of the reflex. Abramo- 
vitch (1), on the other hand, reports that physical fatigue caused by 
weight lifting and running diminishes the durability of the associ- 
ative reflex. Verwoerd required fifteen subjects to react from fifteen 
to twenty-five minutes on a modification of Piorkowski’s “ attention 
and fatigue meter.” He got a narrowing of the range of attention, 
and a lessened distribution. But the height of attention was 
unaffected. Netschajeff (62) suggests a new direct method of 
measuring an individual’s fatigue by getting a ratio between his 
attention span score and his speed of writing. If the equilibrium 
between sensory and motor activity is disturbed, it is evidence of 
fatigue. This, like other tests of fatigue, is only valid provided it 
correlates with some objective measure of output, and then it adds 
nothing to the output criterion. Sachsenberg (72), reviewing the 
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various proposed measures of fatigue, concludes that the method of 
work curve analysis is the most successful. 


V. TRANSFER OF FATIGUE 

Few studies have attacked the direct problem of transfer of 
fatigue decrement. The author of this article, in a piece of research 
to be published later, tested the hypothesis that the amount of transfer 
is proportional to the number of identical elements in the two tasks. 
A type of work was chosen in which the number of identical elements 
between constant and variable tasks could be systematically varied 
quantitatively, namely, writing letters. The control task involved 
writing a, b, c continuously. In the experimental conditions, this 
task was alternated every minute with variable tasks involving, 
respectively, one, two, and three elements in common with the con- 
trol task. The results show that a direct relationship exists between 
the number of identical elements and the amount of transferred 
decrement. 

From industrial psychology comes a study by Wyatt, Fraser, and 
Stock (93), pointing in the same direction. They compared unvary- 
ing work on simple tasks with a condition of alternation between two 
forms of activity. In both cases the unvarying method of procedure 


was less productive and caused greater irregularity in the rate of 
work than changing methods. The highest output was obtained 
when the shift occurred at the end of one and one-half hours. They 
conclude that shifts must be frequent in repetitive work and the 
alternate forms of activity must not resemble each other. 


VI. FACILITATION AND INHIBITION 


Under this general heading fall those factors in the work situ- 
ation which are extraneous to the work itself, such as distractors, 
visual background, rhythms, and such mental and bodily sets as are 
induced by the experimenter ; and, finally, the very important topics 
of motives and incentives. 

1. Distractors. One should really apologize for using the term 
“ distractors ’’ any longer in the light of fast accumulating evidence 
of the facilitating effect of concomitant activities. Thus Hovey (36) 
attempted to determine the effect of a variety of distractions on the 
higher thought processes involved in taking mental tests. The sub- 
jects were sophomores in General Psychology; 171 in the experi- 
mental group, and 123 in the control group. The distractors used 
were noise, lights, phonograph, whistles, students performing stunts, 
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etc., presented simultaneously and successively. Two alternate 
forms of the Alpha were taken, the distractors being introduced dur- 
ing the second sitting. The results showed an increase in the mental 
test score, for the control group of 6.4 points, between first and 
second sittings; while for the experimental group there was an 
increase of 10.1 points. He concludes that distractors have, if any- 
thing, a beneficial effect on the test scores, and finds that true mental 
ability is more evidenced under distraction than under normal, since 
the reliability of the tests improved with distraction. Ford (23) 
compared the effects of distraction and quiet on working problems. 
The distractors were an automobile horn and a loud phonograph 
record. Six problems were worked without distraction, then six 
with, and finally six without. He found that a change either to dis- 
traction or quiet caused a longer initial reaction, and more errors 
during the first half of the given homogeneous period. Fast workers 
very rapidly acquired automatization of behavior and showed almost 
instantaneous recovery after the first problem under noise. Writing 
pressure records correlate +.55 with reaction time, indicating that 
increased muscular tonus accompanies new behavior integrations. 
Jenkins (41) obtains a quickening of reaction times to the appear- 
ance and disappearance of a light, by the simultaneous presentation 
or removal of a sound stimulus. He finds that the facilitating effect 
of the removal of sound is always less than for its presentation; and 
that reaction times are longer for quiet continuing without change, 
than sound continuing without change. 

Fearing (18) and Travis (78) have both hit upon an important 
aspect of the facilitation phenomenon in recent papers. Travis had 
a number of subjects engage in mental work—mathematical prob- 
lems, memorizing, and reading dry or interesting material while 
listening for a sound—versus a condition in which they concentrated 
on listening to the sound only. He got an increase in sensory acuity 
in those cases in which the subjects became absorbed in the mental 
work. He concludes that attention increases sensory acuity most 
when the attention is directed to some other task than the stimulus. 
This seems to indicate that the facilitating effect is due to a central 
irradiation of the excitation involved in attending to the distractor. 
Fearing, in a critique of the experimental studies of cortical inhi- 
bition and facilitation, shows that in all the studies on the knee jerk, 
for example, where the accompanying voluntary reaction was com- 
pleted after the knee jerk occurred, there was facilitation of the 
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jerk. But, where the voluntary reaction was completed before the 
knee jerk occurred, there was inhibition. This he explains in terms 
of attention. Where the attention given to the voluntary reaction 
was still at its height when the knee jerk took place, an irradiation of 
the excitation augmented the jerk; whereas, if the attention to the 
voluntary reaction had ceased with its completion, a general let-down 
in central excitation accounted for the inhibitive effect on the knee 
jerk. Thus, by calling attention to the time of completing the 
responses rather than to the time of administering the stimuli, 
Fearing has shown the relation of these phenomena to attention. 

Vasilyv (83) and others, have demonstrated the relationship 
between the amount of effort put into a given task and the facilitative 
on inhibitive effect of a simultaneous reaction. The task consisted 
of exerting pressure on a dynamometer. Previously, the experi- 
mented had established a conditioned reflex in the subject’s opposite 
hand to a sound stimulus. Now, when the dynamometer pressure 
was light, the simultaneous arousal of the conditioned reflex aug- 
mented the strength of the dynamometer pressure ; but when the pres- 
sure was maximum, the auxiliary stimulation tended to inhibit it. 

What is the long-time effect of distracting stimuli? Morgan 
suggested some time ago that the immediate benefit probably had to 
be compensated for by an increased energy expenditure which would 
show up in the long run. Laird (50) corroborates this hypothesis in 
a study already described of the effect of noise distractors of differ- 
ent intensities on the energy expenditure in calories, as compared 
with an undistracted condition of work. Not only was there a 20 
per cent greater increase in the working metabolism with noise than 
with quiet, but, whereas under the quiet condition the level of output 
was higher at the end of a two-hour work spell than at the beginning, 
under the noisy condition the level suffered a drop. 

2. Rhythms. The subject of “ natural” rhythms has been treated 
in connection with the curve of work. The present discussion will be 
confined to extraneously imposed rhythms. Sachsenberg (73) 
studied the effect of rhythmic and anti-rhythmic stimuli on work and 
fatigue. Five subjects were trained to perform a series of rhythmic 
movements, which were repeated at intervals, with either a rhythmic 
or anti-rhythmic accompaniment. The character of the movements 
under the two sets of conditions was determined by an elaborate 
photographic technique. It was concluded that the character of the 
whole movement is affected; that anti-rhythmic accompaniment 
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increases weariness, and that practice reduces the influence of both 
rhythm and anti-rhythm. Cathcart and Dawson’s (8) study deals 
with the influence of preceding upon subsequent work rhythms, or of 
distracting rhythms introduced between spells of work. In every 
case, the subsequent work rhythm is attracted to the rate of the 
distracting rhythm, and shows the persistence of rhythmic sets. 

Weschke (90) calls attention to the fact that all workmen and 
athletes attain maximum efficiency by using a double rhythm in which 
the effective stroke is preceded by a light movement in the intended 
direction. He concludes that rhythmic movement is more natural, 
pleasant, and easy than unrhythmic. 

3. Motives and Incentives. (a) Reward and Punishment. 
Laird (49) reports an investigation made by the National Metal 
Trades Association on the effect of wage bonuses. A 30 to 40 per 
cent difference is reported between production under straight time, 
or day-work method of wage payment, and the incentive plan. 
Improved quality of product results. But a better system for appren- 
tices is the merit system, in which boys are graded according to work- 
manship, knowledge, attitude, and speed, since the incentive by bonus 
disturbs their accuracy and painstakingness. ) . 

Vaughn (84) studied a variety of factors, including positive and 
negative instruction, threat, threat with specific explanation, punish- 
ment for errors, and periodic punishment with an electric shock. 
The task involved a horizontal movement of the right hand along a 
track, and the subject was instructed to stop when a red light was 
flashed. Speed of stopping was the criterion of success. Negative 
instructions proved better than positive. Threat was beneficial with 
both adults and children, but was of short duration. When accom- 
panied by elaborate explanation, it gave superior results for adults, 
but not for children. Actual punishment was most successful of all 
with the majority of subjects, but with some it completely destroyed 
their codrdinations, and interfered with their efficiency. Crying and 
swearing gave evidence of the intensity of the emotional reaction, 
and probably account for the disruptive effect. In an unpublished 
study on the human maze, Vaughn and Diserens found that an elec- 
tric shock, administered for entrances into cul-de-sacs, sometimes 
hastens and sometimes delays exit from the cul-de-sac, depending 
upon the complexity of the movements involved in escape. They 
conclude that the effectiveness of punishment is inversely propor- 
tional to the elaborateness of the adjustment being made. Briggs (7) 
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reports a recent study of Laird on Columbia students, and one of 
Speyer on Junior High School students, both of which point to the 
superiority of commendation, praise, and encouragement, over 
censure, ridicule, threats, and punishment, as incentives. 

(b) Knowledge of Results. Ross (70) repeated the work 
already done on knowledge of results, but with the additional control 
of varying the degree of information given. He used three sections: 
Section I had full information of progress, and knew exactly what 
record they were making, and how it compared with their previous 
record; Section II had only part information and merely knew who 
were above and who below the average; Section III was given no 
information. At the end of nine practice periods, the conditions 
were reversed, those without knowledge being given knowledge, and 
those who had had knowledge being kept ignorant. This second 
stage continued for three practice periods. During the first stage the 
section with full information began gaining on the others by the 
second practice period, and gained from 2.2 per cent to 8.5 per cent 
more than the sections with only partial information, and 4.5 per cent 
to 12.6 per cent more than the section with no information. More- 
over, there was no reversal after the conditions were shifted. Since 
this contradicts Book’s results, Ross concludes that Book must have 
given negative suggestion in his instructions to the motivated group 
after the reversal. But since Ross only gave three practice periods 
after his shift, it is impossible to predict what time would have 
brought out. The brightest subjects benefited most by motivation. 
The hypothesis is advanced that this sort of motivation, by self com- 
petition, tends to benefit the brighter students ; whereas rivalry helps 
the duller, since they compare their efforts with their betters. 

(c) Rivalry. Hurlock (37), calling attention to previous investi- 
gations in which it was found that speed gained, but quality lost, as a 
result of group rivalry, gives results of her own which contradict 
these findings. She employed 155 children from the fourth and fifth 
grades, on addition forms chosen from the Courtis Research Test in 
Arithmetic. Each test contained thirty problems of six three-place 
numbers. Speed and acctiracy were both required. Two groups, a 
control and rivalry group, were used. In the second group, every- 
thing was done to promote rivalry. On the fifth day the average gain 
made by the control group was only .63 as against 3.93 for the rivalry 
group. Boys and girls were affected about equally. When the sixth 
grade children were compared with the eighth grade, a steadier gain 
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was found for the younger subjects. The inferior subjects gained 
more than the superior from rivalry. Contrary to Triplet, Whitt- 
more, and Allport, Hurlock finds that rivalry increases accuracy 
8 per cent. 

Sims (75) has compared the relative influence of individual com- 
petition and group competition. In one experiment, 126 college 
students were engaged in substituting numbers for letters. They 
were divided into three groups. Group 1 had no motivation; Group 2 
was subdivided into two groups which were pitted against one 
another ; and the members of group 3 were individually motivated by 
being paired off singly. The results show that section 1 improved 
102.2 per cent; section 2 improved 109.9 per cent, and section 3 
improved 157.7 per cent. Another experiment on rate of reading 
resulted similarly, showing that group motivation is slightly better 
than no motivation, but individual motivation is superior to either. 
Maller (57) tested about 1,400 children for speed in simple compu- 
tation, to compare the rate attained when working for personal inter- 
ests, as for a prize, with that when working for the social unit, as for 
class victory. The rate of working for the self motive was slightly 
greater at first, and increased rapidly with the progress of the tests. 

(d) Influence of the Group. Travis (79) made a study of the 
influence of the group on speed of free association in stutterers, the 
results of which can be contrasted. Two conditions of work were 
employed, solitary and group. Following the giving of a stimulus 
word, the subjects were started on a train of free association lasting 
three minues, in which they wrote down the words as fast as they 
came. Eighty per cent of the stutterers produced more associations 
alone than in the group; whereas Allport found that 93 per cent 
produced more in the group. The average number of associations 
of all the stutterers alone was 68.1, versus 65.3 in the group. Allport 
found 63.6 for the group, and 60.3 for the solitary condition. The 
better the stutterer was in free association, the more he was hindered 
by the group. South (76) tested the relative efficiency of small and 
large committees, in such routine codperative tasks as judging emo- 
tions in photographs, multiple choice problems, bridge problems, and 
the judging of English compositions. The subjects were 1,312 psy- 
chology students. The small committees contained three people each, 
and the large committees six. The results show that the best size of 
committee depends on the kind of problem, and the sex of the indi- 
viduals. Abstract problems are better handled by small groups; and 





514 ARTHUR G. BILLS 


concrete by large. Women tend to benefit more from mutual inter- 
stimulation of large groups than men do. 

4. Attitude. Mental set has been shown to be an important factor 
in efficiency. The author has demonstrated the role of the quanti- 
tative set in determining the level at which subjects will operate in 
simple addition. In a later study on continuous addition with forty 
graduate students as subjects, he has shown that by splitting a long 
task up into short units so that the subjects are set for short tasks. 
rather than for a long one, the level of efficiency throughout a work 
period may be maintained at a higher point, even though no rest is 
allowed between the short units. Jersild (42) has asked the ques- 
tion: How do frequent shifts of Aufgabe affect efficiency? He tried 
adding and multiplying two-place numbers alternately, with eighty 
school children as subjects. The shift loss decreased as the difficulty 
of the problem increased. He concludes that well practiced functions 
suffer most from shift of set. His study of alternate naming of 
opposites and objects to a stimulus word, on thirty-four psychology 
students, brought out no loss from shift of set after the second trial. 
When he alternated controlled association with addition, there was a 
gain instead of a loss. And in shift from color naming to form 
naming to opposites to subtraction, there was a gain in speed. He 
recognized the break in monotony as a cause. Twelve of eighteen 
subjects preferred the shift task. Shifting from cancellation to 
adding gave a great loss. He therefore concludes that shift of set 
does not invariably give loss of efficiency, but only where it intro- 
duces associative interference. Chapman’s results on addition and 
cancellation, showing a gain in speed from rapid shifts, are pertinent 
here. Evidently a shift of set, by removing monotony, is beneficial 
where it does not introduce competition, as was found by Robinson 
and Bills. 

In studying the influence of age, practice and speed on the ability 
to adopt a set, Gundlach (52) and others have found that the ability 
increases up to sixteen years, is better with practice, and varies 
directly as the time of exposure, when the set is imparted by a pattern 
of appearance of lights on a screen. The introspections of the sub- 
jects suggest that there are definite neuromuscular patterns operative 
in such a set. Davies (12), in considering the attitude of the worker 
in relation to monotony of work, points out that the chief danger of 
monotony in repetitive and automatic operations lies in the oppor- 
tunity it gives for discontented revery on the worker’s part, and the 
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reaction of this rebellious attitude on the efficiency of both individual 
and group. This agrees with Mayo’s findings. Meinas (60) reports 
studies on the influence of excitement due to the arousal of mild 
emotional reactions on the efficiency level in mental work. 

Attitudes or sets imparted by suggestion, either of the experi- 
menter or of the group as a whole, exert a large positive or negative 
effect on efficiency. Vernon (86) made a study of a college rowing 
team. He concludes that attitude is more important than skill or 
speed. In rowing, it is the morale of the group rather than prestige 
of a leader which counts. Efficiency rises or falls with the level of 
group respect. Practice tends to lessen the importance of group 
attitude. Where hypnosis has caused increased efficiency in mental 
or physical tasks, it has evidently done so through the medium of 
suggestion. Wells (89) reports a study on a neurotic subject in 
which he was able to produce more sustained effort in a tapping test 
by waking suggestion than by hypnosis. 

To what extent the preceding findings regarding set can be trans- 
lated into muscular terms is problematic. Apparently, with the 
majority of subjects, some form of differential tension is operating; 
while, with others, the set functions in entirely implicit terms of an 
obscure sort. For the evidence on this point, refer to the author’s 
previous review and also to the recent articles of Jacobsen (39, 40), 
Gopalaswami (27), and Buford Johnson (43). The latter correlated 
tension with success in a tapping test. She found that the subjects 
who maintained a moderate tension throughout were most efficient ; 
but that those who employed high tension produced the best records 
for short intervals of time, and that work with the left hand showed 
up best for the subjects who used the highest pressure. 


VIL. Kinp or Worx 


Under this head fall such factors as the type of task, whether 
largely mechanical and capable of assuming a high degree of automa- 
ticity, or demanding concentrated attention ; the nature of the material 
worked with, its color, form, homogeneity; constancy of stimulus; 
and the length of the work period, as dictated by the size of the work 
units. Husband and Miles (38) in a study of continuous card sort- 
ing, by reaction to the previous card, obtained answers to two ques- 
tions : whether the serial reaction is quicker for colors or forms; and 
whether the reaction time is altered by changing the variety of the 
stimuli from two to six. No significant difference was found between 
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color and form designs; but those beginning on forms averaged 4.6 
per cent longer, and those beginning on colors and later changing to 
forms took 2.5 per cent less time than with the reverse procedure. 
Time of sorting was found to be directly proportional to the number 
of varieties of cards, the extreme difference being less than 25 per 
cent. Obviously, competition is operating here. 

That complexity of task influences the speed of decrement is 
found by Foucault (24) in investigating the work curve for the four 
fundamental operations of arithmetic. Addition produces less rapid 
decrement than the higher processes. Homogeneity of task has been 
discussed in the studies of Poffenberger (65), Wyatt (91), and 
Thorndike (77). The question of the frequency with which 
homogeneous work should be broken up by a shift of task is inex- 
tricably bound up with the nature of the units of which the work is 
composed. If a shift means abandoning an incompleted unit of 
work, loss of efficiency is bound to follow. Where the type of work 
is such that a high degree of automaticity can be developed, without 
too great homogeneity, the work can apparently be continued almost 
indefinitely without decrement; and conversely, where a high degree 
of concentration of attention is essential, fatigue appears much 
earlier. 

VIII. Spgep Versus Accuracy 

Efficiency in mental work is conditioned upon the fine adjustment 
between speed and accuracy. Earlier studies, such as those of 
Thorndike, Bird, and Garrett, tend to demonstrate that the two are 
not necessarily negatively correlated ; and that a rate slower than the 
normal may interfere with quality of output,as much as excessive 
speed. Moreover, it is pretty definitely established that the rapid 
individual is more likely than not to excel his slower brother in 
accuracy. Poppelreuter (69), plotting the distribution curves of 
speed and accuracy of 100 subjects engaged in a tracing task, finds 
the subjects making the most errors in the high speed end of the 
distribution, but the very slow subjects scattered throughout. Recent 
studies have attacked the question of a general speed factor, or 
accuracy factor. Hartmann (34) obtains a correlation of only .20 
between the precisions involved in any two tasks of sensory discrim- 
ination, or the accuracies in execution of any two perceptual tasks. 
Doud (14) subjected 165 sixth grade children to a number of tasks 
involving cancellation, speed of movement, writing, reading, and 
arithmetic, and correlated the results to discover whether there is a 
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general speed factor. Her correlations ranged from .13 to .87, and 
were mostly low. She concludes not only that there is no general 
speed factor, but that this sort of speed has little to do with intelli- 
gence test scores, as shown by the low correlation of these records 
with the children’s Otis grades. On the other hand, Rounds (71) 
gets correlations of .59 and .61 between speed in a battery of tests 
involving addition, completion, and figure cross-out, and the latent 
time of the Achilles tendon reflex. This would point to speed of 
neural conduction as a general factor linking the speeds involved in 
many diverse mental tasks. Incidentally, the question as to whether 
general intelligence is a function of speed of reaction is unanswered. 
Contrasted with Peak and Boring’s discovery of a high correlation 
between speed and success in intelligence tests, and Travis and 
Hunter’s (80) finding that the rate of conduction of the nerve 
impulse in the patellar reflex has a high correlation with I.Q., there 
is Lemmon’s (54) study on 100 Columbia college students, showing 
that there is no correlation between intelligence and speed in a simple 
reaction, and only a low correlation of .25 with speed in hard dis- 
criminations. Brakeman and Slocombe (5) have reviewed the causes 
of inaccuracy. 


IX. InprvipvAL DIFFERENCES 


The recent research in the field of mental work has taken the 
following directions: relation between intelligence level and suscep- 
tibility to fatigue; relation between age and fatiguability; racial dif- 
ferences in fatiguability ; and temperamental differences in speed and 
accuracy. 

1. Intelligence. Intelligence proves to be a facilitative or inhibi- 
tive factor in mental work, depending on the nature of the task. 
Wyatt (91), in a study of repetitive work in a soap factory, gave 
intelligence tests to thirty girls engaged in packing soap in boxes. He 
found a positive correlation between the intelligence of the operatives 
and the amount of boredom which they developed. I.Q. was no 
criterion of the worker’s efficiency. Incidentally, he discovered that 
operatives were able to adapt themselves to repetitive conditions 
which at the outset produced boredom. Vernon (85), studying long 
spells of repetitive mental work, found some relationship between 
boredom and inaccuracy. He concludes that some people are 
unsuited to repetitive work, because of variability, boredom, and 
consequent susceptibility to accident. Fliigel (22), in a previously 
mentioned study of continuous addition, with twelve-year-old girls, 
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found no correlation between intelligence and fatiguability, but got 
a negative correlation between fatigue and ability in the addition task 
itself. Kefauver (46) was interested in the influence of fatigue on 
school pupils of different levels of mentality. He used four groups 
of pupils; one with I.Q. of 60 to 79, another 80 to 89, a third 100 to 
114, and a fourth 115 to 129. The work consisted of eight forms, 
from the Los Angeles Mixed Fundamentals Test in Arithmetic. 
Each form required fifteen minutes, giving a total of two hours 
continuous work, followed by twenty minutes’ rest and the subse- 
quent taking of Forms 9 and 10. The author claims no influence of 
intelligence on speed of work; but an inspection of the curves shows 
that fatigue came on more slowly for the most intelligent group, and 
faster for the least intelligent. Moreover, the slowest group had no 
rise previous to rest, while the others did. The absolute amount of 
drop, however, bore no relation to 1.Q. The influence of intelligence 
on accuracy is plain. The brightest group had the largest decrease in 
accuracy, also the largest end spurt. The curve of the dullest group 
was practically a straight line, with no decrease. Individuals were 
affected quite differently. Some began work on a low level of 
efficiency, and increased after working some time, Others began 
with maximum drive and soon fell off. Still others began at a certain 
rate and maintained it throughout. 

Is intelligence detrimental to the formation of automatisms? 
Dwelshauvers (15) distinguishes two kinds of automatism. The 
first comprises numerous mechanical acts under the direction of 
attention ; the second consists of acts appropriated to ends, but with- 
out connection with the thing toward which attention is momentarily 
directed. He finds that the more intelligent children have a superior 
capacity for the development of automatisms of the latter type. It 
involves habituating oneself to doing two things at the same time, and 
paying attention to only one task. 

2. Age. A study of the relation of age to fatiguability is con- 
tributed by Leiner (53). He employed 180 students as subjects, 
falling into three age groups: (1) from eleven to twelve, (2) from 
twelve to sixteen, and (3) from seventeen on. The first group 
showed high fatiguability, unevenness of output, and lack of con- 
centration. The second group showed superior endurance and con- 
centration, but low quality. The last group displayed greatest 
accuracy and least fatiguability. Ina Kraepelin (48) reports a study 
of fatigue in a five-year-old child, engaged in naming printed letter 
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characters. Her analysis is suggestive of further studies on young 
children. 

3. Race. Two studies on racial differences have appeared. 
Klineberg (47) tested Indians and Negroes of two cultural levels, in 
comparison with white subjects, to determine whether racial differ- 
ences in speed exist. Six tests from the Pintner-Paterson series were 
used. He found that the Indians and Negroes from the groups 
which had not come in contact with white civilization to any great 
extent, were slower, but slightly more accurate than the whites. On 
the other hand, the Negroes and Indians of the higher cultural groups 
more nearly equalled the whites in speed, the Indians slightly excel- 
ling them. He concludes that culture, rather than native capacity, 
accounts for racial differences in speed of mental work. Garth (25), 
in a comparative study of fatigue in Indians of nomadic and sedentary 
tribes, engaged in simple addition, finds the nomadics excel the others 
in speed and accuracy, and resist fatigue better. The sedentary 
groups show larger initial spurts and fall away more in accuracy at 
the end. Baxter (4) attempted to differentiate individual tempera- 
ments on a basis of rate and strength (7.e., speed and accuracy). He 
found that a few showed consistent quickness, along with consistent 
accuracy or inaccuracy. Others were consistently slow and at the 


same time consistently accurate or inaccurate. But the average 
tended toward no particular type. 


X. Rest AND Recovery From Work 

1. The Curve of Recovery. Just as the curve of learning has as 
its sequel or corollary the curve of forgetting, so the curve of work 
should have its sequal or corollary in a cure of recuperation. But, 
whereas in the field of learning as much attention has been given to 
the forgetting curve as to the learning curve, this is not true of the 
curve of recuperation from work. Little systematic data have been 
compiled from which a curve could be plotted. Manzer (58), in an 
experiment in rest pauses, plotted the curves of recovery from mus- 
cular work involved in finger, hand, arm, leg and trunk flexions. 
The subjects worked to exhaustion, then rested either five, or ten, or 
twenty minutes, and then tested their degree of recovery. The 
average recovery after five minutes was 82 per cent, after ten 
minutes 90 per cent, and after twenty minutes 95 per cent. In other 
words, the curve of recovery from muscular work of this sort 
appears to be negatively accelerated, with more than three-quarters 
of the recovery taking place during the first five minutes. After the 
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twenty minute point the curve tends to become asymptotic to the 
level of the nonfatigued performance. Among the factors which he 
found to influence the rate of recovery were the size of the muscle 
groups, the attitude of the worker, and the nearness to the exhaustion 
point reached during the work. Small muscles, he finds, recover 
more rapidly than large. Crawley (11) studied fatigue in four 
psychologically trained subjects, performing arm and leg contrac- 
tions with a chest weight, in time with a metronome. Two work 
periods were interspersed by a controlled rest period. The original 
work load varied from ten to forty pounds. The recovery test load 
was constant at fifteen pounds. The rest period was either two or 
four minutes. He found that the recovery varied with the length of 
the rest, the amount of load, the muscle group, and the degree of 
motivation of the subject during work. A greater recovery followed 
a heavy than a light load, except where quantity was equal. The 
extra motivation caused by knowledge of results when the point of 
exhaustion had been reached, caused more work but a longer period 
of recovery. In attempting to justify this last finding logically, I 
think the author indulges in some false reasoning; although 
Polakov (67), in reviewing the study, agrees wholeheartedly with 
Crawley that “ positive effects in industry obtained through the rdle 
of introduced incentives are not due to any ethereal qualities on the 
part of incentives, but due to the fact that the worker had previously 
been performing at such a low state of possible performance that any 
increase would bring about practically no katabolic change that could 
not be compensated for almost immediately. In comparing this with 
Wright’s earlier study, Polakov assumes that, in the latter, the fatigue 
must have been “ pseudo-fatigue ” due to boredom; and that “ these 
psychic interferences being removed, a large increase in work output 
is possible before the true fatigue becomes apparent.” Crawley 
seems to assume also that increased incentive could not possibly con- 
tribute anything, since output is merely the mechanical resultant of 
a given amount of calories consumed. It seems to me that both these 
authors have overlooked an important point. Output does not bear 
any such one-to-one relationship to consumption of calories, as these 
authors assume. If by increasing the incentive, the subject’s lost 
energy expended in exhaustive emotional reactions to boredom and 
fatigue feelings can be conserved, he will do the same amount of 
work with a much smaller expenditure of energy. The fatigue result- 
ing from emotional exhaustion and useless excess movements is no 
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“ pseudo-fatigue,” neither is the contribution of extra incentive in 
removing such fatigue an “ ethereal ” contribution. 

2. Rest Pauses. A systematic review of the subject of rest pauses 
in industry is the recent one of Wyatt (92). He considers (a) posi- 
tion of rest, (b) length of rests in relation to length of work period, 
(c) distribution of multiple rests, (d) rests necessary for complete 
recovery, (e) methods of using the time during rest pause, (f) indi- 
vidual differences in the effect of rest, (g) relation to the nature of 
the work, and (h) the objective and subjective effects, not only of 
the rest itself, but of its anticipation by the worker. The method of 
spending the rest time proves to be extremely important. When a 
fifteen minute rest is placed in the middle of two hours’ work in 
addition, complete relaxation gave a gain in output of 9.3; uncon- 
trolled rest gave 8.3; music during rest gave 3.9; tea gave 3.4; and 
a walk gave 1.5. 

Graf (31) of the Kraepelin school, reviewing the work of 
Kraepelin’s students on rest pauses, treats the same topics, quoting 
mostly from his own studies. In addition he found (30) that the 
length of time necessary to recuperate is a function of the affective 
tone of the subject during work, the amount of strain on his atten- 
tion, and the amount of volitional effort he puts into the task. If the 
worker anticipates great fatigue, a longer rest is necessary to raise 
his affective tone. An interesting discovery (28) is that the attitude 
of the resting worker toward the resumption of work undergoes a 
series of changes during the rest. For the first five to ten minutes 
the attitude is favorable to resumption, then there is a drop in readi- 
ness, followed by a rise. Zimmerman (94) found that the attitude 
toward resumption of work depends on whether the worker knows 
the exact duration of the expected pause. There is a decided relax- 
ation of will during the rest, and if the subject knows when the pause 
will end, he prepares for it by regaining his readiness set. Otherwise 
he is caught in an inefficient attitude, and takes time to readjust. 
Graf (28) finds that the most favorable position for a single rest is 
after the second third of the work period, whether this is one or two 
hours long. Wyatt states that it should be introduced at the point of 
maximum height of the work curve. The optimum length of rest 
for Graf was two minutes for one hour and five minutes for two 
hours of work. A longer pause is detrimental. He (29) finds that 
where two rest pauses are introduced into a two hour work period, 
their lengths should bear the ratio of two to four. 

Shepard (74) reports that in a study on college men, working on 
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chest weights, for an eight hour day, the optimal time devoted to rest 
is 16.6 per cent of the total time. The great monotony of the work 
probably necessitated more rest. But Shepard points to the fact that 
where workers are allowed to choose their own period of rest, they 
average about this same proportion of the total time. 

In general, physical work requires a larger proportion of rest than 
predominantly mental work. 
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The reader is referred to previous reviews by Poffenberger (109), 
Meyer (94), Robinson (119) and Darrow (18). 


ALCOHOL 


Evidence in the preceding reviews indicated that alcohol tends to 
impair all levels of performance and that the alleged progressive 
deterioration, first of higher and later of lower functions, is probably 
a misinterpretation of the facts. Present material, with some excep- 
tions, supports this opinion. The apparent excitation sometimes 
noted at “lower” or mechanical levels may be attributed (1) to 
reflex effects from irritation of the oral and gastric mucous mem- 
branes and (2) to a partial narcosis of the higher controlling and 
inhibitory nervous centers, thereby giving greater freedom to lower 
mechanisms actually under the same degree of narcosis. 

As regards excitation by alcohol Cushny (14) and Weeks (151) 
offer as the consensus of medical opinion the belief that the chief 
effects are from the irritation of the mucous membranes of the 
alimentary tract. Recently Takahashi (142) found that the appli- 
cation of alcohol to the mucosa caused initial vasoconstriction with a 
rise in blood pressure. This tended to be followed, especially after 
larger quantities, by depression of the vasomotor center and a fall in 
blood pressure. Cushny, summarizing circulatory findings, reports 
varying blood pressure changes following small amounts of alcohol, 
but primarily depression after large amounts. Any acceleration of 
the pulse he attributes to the increased muscular activity generally 
characteristic of “excited” states. Weeks notes that when reflex 
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ance in collecting this material rendered by Miss Lena Heath and by Mr. 
J. David Larson working under a fund placed at the disposal of the Behavior 
Research Fund by the Social Science Research Council. 
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stimulation is needed, alcohol is sometimes available when the more 
highly recommended caffein, aromatic spirits of ammonia, or 
adrenalin are not at hand. 

That the appearance of excitation may be due to narcosis or 
inhibition of some inhibitory function located in the brain is easy to 
infer but more difficult to prove. For example, following a second 
or a third drink consisting of 100 c.c. of 40 per cent alcohol, 
Tuttle (148) obtained an augmentation of the kneejerk in 9 out of 
12 cases. Previously Dodge and Benedict (26) had found depres- 
sion of the reaction after a more moderate dosage. Tuttle believes 
his finding is not due to augmentation from irritation of the gastric 
mucosa, inasmuch as the subjects reported no greater sensory dis- 
turbance from the region of the stomach after the second than after 
the first draught. In an electromyographic study of five subjects 
during induced alcoholic stupor Travis and Dorsey (146) more 
recently have shown a quicker and more prolonged action current, 
probably neural in origin, associated with the patellar reflex. They 
interpret these results as indicating a decreased inhibitory action by 
higher centers in the hierarchy of nervou. 2ontrol. 

Two other recent instances of apparently increased motor and 
decreased intellectual performance after alcohol may be mentioned. 
Haas and Lange (45) found one case among seven confirmed alco- 
holics in which penmanship (coordination?) was improved while per- 
ception and arithmetical ability were impaired. Erlacher (34) also 
found some evidence for increased manual dexterity following 10 c.c. 
of alcohol given to fourteen-year-old boys in the Munich schools. 
Ten-year-old boys, not yet accustomed to its use, invariably showed 
deterioration. Riegel (117) obtained some increase in intellectual 
and manual dexterity during 90 days’ habituation to alcohol, probably 
due in large part to lack of control of practice effects. Macht and 
Ting (83), working with rats, observed no evidence of excitation 
due to moderate dosage with any of 9 different alcohols injected 
intraperitoneally. In the case of the alcohols of greater molecular 
weight relatively large amounts were required to impair maze running. 

That man is peculiarly susceptible to alcohol by virtue of his 
superiority in nervous organization is suggested by Daniel (17) on 
the basis of the fact that unicellular organisms or individual organs 
may endure relatively heavy dosage. Effects of alcohol upon the 
coérdinations and intellectual activities very similar to those shown 
in previous reviews have been recently reported. Miles (154) reports 
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that alcohol in amounts 1/1000 of the body weight causes marked 
incodrdination of the hind limbs of rats on the elevated maze. This 
confirms Mellanby’s observation of similar effects on the hind limbs 
of dogs, and agrees with certain clinical observations on man. Jap- 
anese wine (sake) given 8 subjects by Titadani (145) was found to 
reduce both coordination in the use of chopsticks, and ability in com- 
putation, dotting circles, cancellation and substitution. Hahn (47) 
likewise notes deteriorating effects upon his own “attention” as 
measured by his ability to memorize and recite lists of words. The 
effects upon critical, moral, and aesthetic judgments which have been 
assumed by such observers as Mott (97) to accompany or even pre- 
cede observable incodrdinations, should be susceptible of quantitative 
demonstration. 

Schlottky (126) serving as subject found the effects of alcohol 
less when it was taken along with fat, and still more reduced when 
it was taken with albuminous food. The result is in part attributed 
to the systemic effect of concomitant digestive processes, and in 
part to a delay in the absorption of alcohol. Practice effects, it may 
be noted in passing, were’ ot largely eliminated before beginning the 
tests, and in consequence improvement as high as 175 per cent in 
some functions occurs in the course of the experiment. 

That alcohol may replace other foods and be consumed in the 
body to provide energy has been previously demonstrated. Both 
dextrose and alcohol are shown by Carpenter (11) to be utilized 
when taken as enemata. According to Edkins (32) and Burge and 
Verda (9) alcohol may facilitate the absorption of glucose. In 
some rodents the deleterious effects of weaker concentrations appear 
negligible, for Richter (116) raised rats on 8 to 16 per cent alcohol 
as a daily fluid supply without evidence of intoxication or habituation. 
The animals ate less than the controls and grew as fast and as large. 
A high metabolic rate in these animals is said to account for the result. 
Similarly Pearl (104) found greater growth and lessened mortality 
among alcoholized chicks. Sollman (133), with larger amounts of 
alcohol, had obtained in rats a lessened food intake and decreased 
growth. The ability of the organism to metabolize alcohol is in- 
creased with habituation [see Riegel (117) above, and Hanson and 
Heys (49) later], and is, according to Cushny (14), probably the 
largest single cause of differences in individual tolerance. On the 
other hand, wood alcohol, which is not thus readily metabolized, 
accumulates in the system, with the well known dire results. 
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The fact that the symptoms of drunkenness,—flushed face, red 
nose, dilated pupils, staggering gait, confused thick speech, and 
boisterous behavior—may occur in whole or in part in pathological 
conditions other than drunkenness leads Bogen (6) to warn against 
considering them conclusive evidence of intoxication. He would 
supplement observation by measurements of the amount of alcohol 
in the urine and breath. His data, however, serve to emphasize 
differences in individual tolerance as well as to indicate the general 
effect of given amounts. Of patients showing from 0 to 1 mg. of 
alcohol per c.c. of urine, 50 per cent admitted drinking, 40 per cent 
had odor on the breath, and only a few showed flushed face, dilated 
pupils, unsteady gait, or speech disturbance. Of those having 1 to 2 
mg. per c.c. of urine, a little more than half showed acute alcoholic 
intoxication while more than 80 per cent had odor on the breath, 
dilated pupils and flushed face. With 2 to 3 mg. of alcohol per c.c. 
of urine, only 25 per cent were able to walk straight or speak dis- 
tinctly. With concentrations of 3 to 4 mg. of alcohol only 3 per cent 
could stand without marked sway, and only one could talk clearly. 
More than 4 mg. of alcohol per c.c. generally induced unconscious- 
ness. Previous reviews have shown alcohol in the urine to correlate 
negatively with efficiency of performance on various tests. 

That alcohol is possibly not itself the active cause of all the ill 
effects of present day drinking is shown by Richardson and Blanken- 
horn (115) in a summary of the recent clinical aspects of alcoholism. 
Other substances in modern drink often produce, according to the 
writers, bizarre pictures with hyperaesthesia, loss of consciousness, 
febrile condition, and transient albuminaria as common symptoms. 
Delirium tremens is now rare in this country, perhaps, it is sug- 
gested, less because the drink has altered than because habitual drink- 
ing has been replaced by the occasional spree. MacNider (84) com- 
pares the effects of ethyl alcohol with those of a cornmeal-molasses 
distillate upon dogs having strong and those having naturally weak 
kidneys. While the ethyl alcohol had relatively little ill effect, the 
corn concoction occasioned marked physiological injury, especially in 
the nephropathic animals. 

Whether in man the pathological conditions, psychic and physio- 
logical, attending indulgence in alcohol shall always be regarded as 
effects of the drug is questioned by such writers as Mott (97), 
Graham (42), and Wolfensberger (152), and alcoholism may, indeed, 
often be considered a symptom rather than a cause. Mott, 
Gregory (44) and MacCurdy (75) believe that alcohol may simply 
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exaggerate latent abnormalities. Hhaas and Lange (45) study this 
possibility experimentally on seven psychopathic patients, but with 
no very conclusive result. Pohlisch (111,112) advances considerable 
evidence that even the nature of the alcoholic effects is constitution- 
ally determined. Over half of the delirium tremens patients which 
he studies are of cyclothymic temperament and of pyknic build. 
Jislin (55) contrasts the jovial “syntonic” with the gloomy 
“schizoid” alcoholic. Rosenfeld (122) considers the alcoholic 
psychoses, described at some length, to be in no small part due to 
toxic substances generated within the organism. Diehlmann (24) 
describes the effect of paraldehyde as hardly distinguishable from 
delirium tremens. 

Whether or not there are inheritable effects of alcohol other than 
would follow the extermination of the weaker individuals is still open 
to question. Pohlisch (110) selects for analysis 178 mothers having 
delirium tremens, using care to eliminate inheritable pathology from 
their ancestry. Their offspring manifested a distribution of ab- 
normalities little different from the general population. Kiiffner (64), 
summarizing the literature and his own work relative to epilepsy, 
states that there is evidence neither for a high frequency of epileptic 
inheritance among the children of drinkers nor for a special intoler- 
ance of alcohol by epileptics. The alcoholization by MacDowell and 
Vicari (79) of a generation of rats, however, produced in the grand- 
children a significant increase in the errors and time required to learn 
the circular maze. General activity as indicated by speed of running 
was not impaired. The finding of Stockard and Papanicolaou (140, 
141) that guinea pigs exposed to alcohol fumes suffer eye defects 
transmissible from generation to generation remains unchecked for 
this particular animal. A repetition of the procedure by MacDowell, 
Lord and MacDowell (77) and by Hanson and Heys (50) employing 
rats as experimental animals, and by Pearl (104) employing chicks, 
gives no indication of an effect upon the eyes of the descendants. 
Hanson and Heys (49) also note that individuals exposed to alcohol 
require increasingly long periods to produce narcosis, but that after 
ten generations of such adaptation the young are initially as 
susceptible as the controls. Danforth (16) and Pearl (104) report 
an increased preponderance of male descendants from alcoholized 
male rats. MacDowell, Lord and MacDowell (77) fail to obtain 
this result. They find (78), however, when the mothers are alco- 


holized, a significant increase in prenatal mortality, as did Pearl for 
chicks. 
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NICOTINE 


Earp (28, 29, 30) offers additional evidence from Antioch College 
showing non-smokers to be better scholars and better athletes than 
are smokers. The difference Earp believes to be too great to be 
accounted for by chance, but he refrains from attributing the inferior 
scholarship to smoking. Chase (12) gave nicotine to chicks by pipette 
but failed on the whole to retard growth, although in some instances 
the initial dose caused a fatal spasm. Hatcher and Crosby (51) 
report that large hypodermic injections of nicotine in a cow and a 
cat inhibited milk secretion but showed no obvious lasting injury. 
Mursell (99) notes that the satisfaction attributed to the use of 
tobacco, candy, gum, etc., may be due simply to the pleasure of oral 
manipulation. Schrumpf-Pierron (128) gives a good summary and 
bibliography of the clinical literature. 


CAFFEINE AND ALLIED DruGs 


Confirming work previously reviewed, Pauli (103) in a study of 
one subject found as high as 9 per cent improvement in mental and 
physical work from 10 grams of tea taken at half-hour intervals. 
Twenty grams of tea, on the other hand, impaired the performance. 
Davidson (20) reports that tea had a favorable influence on the 


reaction time of one subject during recovery from nitrous oxide or 
ethyl chloride. Karger (58) reports that caffeine had a beneficial 
effect on epileptics. Myers (100,101), in rabbits, and Eddy and 
Downs (31) in human beings, have shown the development of toler- 
ance and cross-tolerance to the diuretic effects of caffeine, theobro- 
mine and theophylline. Chase (12) found large doses of caffeine to 
impair the activities, appetite and growth of chicks. In moderate 
doses Boothby and Rowntree (7) observed no effect of caffeine upon 
the body’s heat production. 


Orprum DerivaTIves—MorPHINE 


Kolb (60, 61,62), Dixon (25), Hahn (46), and Schwarz (129) 
regard drug addiction to a large extent as an attempt to escape from 
the inferiorities, fears and strivings characteristic of a pathological 
nervous constitution. Rosenfeld (122) recognizes these factors and 
recounts the psychic symptoms—hypochondriac depression, irrita- 
bility and anxiety alternating with euphoria, also ethical and aesthetic 
blunting. Deprivation is characterized, among other things, by pain- 
ful restlessness, abnormal sense reactions, headache, palpitation, 
organic pains, cold sweat, and salivation. The treatment of the com- 
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dition is outlined. Plant and Pierce (108) study the effects of 
morphine addiction in dogs. The animals showed loss of weight, 
vomiting, and salivation (apparently in some instances a conditioned 
reaction), gradual reduction in susceptibility to narcosis, some consti- 
pation, increased quarrelsomeness, reduced appetite, and hypersensi- 
tivity to touch. Following withdrawal, tremors, twitching, groaning, 
howling, gnawing, hiccough, photophobia, salivation (conditioned), 
vomiting and diarrhea were among the symptoms noted. Krilov (63) 
also reports a tendency for dogs to become conditioned to the injec- 
tion of morphine. Repetition of the procedure with chloral hydrate 
gave similar results. 

In a study of the effects of morphine upon the gastro-intestinal 
tracts of dogs and men, Plant and Miller (105, 106,107) showed, 
following injection, a decrease in the tonus and in the peristaltic action 
of the stomach, and an increase in the frequency and amplitude of 
contractions in the small intestine. Increase of tonus was also found 
in the colon. The effect of this condition is to pass food into the 
intestine in small quantities, to promote absorption and drying, and 
to foster constipation. Ludlum and McDonald (74) conclude from 
roentgenograms of the stomach and intestine that morphine acts to 
increase the preponderance of the vagus. The fact that the slowing 
of the pulse effected by morphine is not observed after decerebration 
or etherization leads McCrea and Meek (91) to believe that the action 
on the vagus takes place by way of the cerebrum. Rizzolo and 
Chauchard (118) show a shortened chronaxie and increased excita- 
bility of the cortex of the dog due to morphine. Luckhart and John- 
son (71,72) report that morphine depresses the kneejerk in cats and 
dogs. Sometimes this depression is preceded by a brief increase in 
response. In the morphinized frog Mazoué (90) obtained a crossed 
reflex response to a single electrical excitation. Dilaudid and dicodid, 
investigated in one subject by ROmmelt (121), were found to produce 
depression and increased irritability in a manner similar to morphine. 
No deprivation symptoms or evidence of drug habit formation were 
noted. 

Terry and Pellens in The Opium Problem (144) and Hahn in 
Die Morphin Erkrankungen (47) treat the protean aspects of 
morphinism. 


CocaAINE 


According to Aronowitsch (1), who tested the ability of three 
addicts and two normal subjects to whom cocaine was administered, 





534 CHESTER W. DARROW 


there is an increase in the quantity and a decrease in the quality 
(increase in errors) of multiplication and cancellation. Attention is 
disturbed and improvement due to practice is said to disappear, 
Graf (41) attempted to mask cocaine and psicain (a synthetic 
product) by injections of salt solution on different days. Muscular 
and tactile sensitivity were impaired by the drugs in the subject 
tested. Psicain seems to be freer from psychic after effects than 
cocaine. Rosenfeld (122) enumerates the symptoms of cocaine psy- 
chosis as anxiety, illusions, hallucinations, delirium, and delusions. 
Many of the effects are sensory, characterized by abnormal taste, 
touch, vision and smell. Profound depression follows deprivation. 
Morphococainism, often characterized by delirium, has become com- 
mon owing to the false belief that cocaine relieves the early depriva- 
tion symptoms in the cure of morphinism. 

That the stimulative action of cocaine might secure temporary 
remissions from the condition of catatonic stupor was shown by 
Berger (3) in 1921. Sacristan (124) tested the effect on. 30 psy- 
chotic women, all but 8 of whom showed some psychological effects, 
Crying, eroticism and hostility were aroused in a few; monosyllabic 
speech or logorrhea was elicited in others. A few were capable of 
conversation. Jacobi (54) obtained facial grimacing, motor excite- 


ment and some speech in 16 out of 24 cases given cocaine. Seven of 
the 24 manifested a rapport in this state not previously attained. 


HAsHISH 

Frankel and Joel (37) describe as characteristic of hashish in- 
toxication a dissociation of normally associated perceptual and 
imaginative elements, lending a strange distortion and discontinuity 
to experience. The writers think the drug produces effects similar to 
certain psychotic conditions. Kant and Krapf (57) question these 
observations. 

MEscat (PEyotTL) 

The psychic manifestations elicited by this drug are compre- 
hensively treated in the reviews of Kliiver, Mescal; The “ Divine” 
Plant and its Psychological Effects (59), Rouhier, Le Peyotl (123), 
and Beringer, Der Meskalinrausch (4). 


SANTONINE 
Work by Marshall (86, 88) on the effects of santonine indicates 
more rapid, vivid and fleeting visual effects when the drug is injected 
intravenously than when taken by mouth. Not merely is the char- 
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acteristic yellow vision reported by Marshall’s subject, but violet 
light effects were observed in the dark or when the eyes were closed. 
Some relation exists between the amount of yellow excretion in the 
urine and the degree of xanthopsia (87), but whether the visual 
experience is due to the formation of this substance is left open. 
30th yellow and violet vision are affected concurrently. 


ANAESTHETICS (ETHER, CHLOROFORM, ACETYLENE, AND 
Nitrous OxIDE) 

Canestrini (10) found that in recovery from ether or chloroform 
anaesthesia, tactile and pain stimuli are the first to elicit circulatory 
and respiratory changes, while olfactory, and subsequently acoustic 
and optical stimuli, become effective later. Morphine injected during 
anaesthesia caused delay in the return of tactile and olfactory sensi- 
tivity. Miller (96) found ether and chloroform anaesthesia to inhibit 
peristaltic activity in the stomach, intestine, and colon. The stomach 
requires an hour or more to recover from this condition, while the 
small intestine rapidly becomes hyperactive. These findings are in 
contrast to the very slight influence of ethylene on the gastrointestinal 
tract. By measurement of the amounts of drug in the brains of rats 
killed by chloroform, Cole (13) found a variability which led him 
to infer that the fatal effect must be primarily on some other organ. 
Davidson (21) found successively in one subject given increasing 
amounts of methyl ether, a mild intoxication, lack of attention, inco- 
ordination, indistinct vision, talkativeness, drooping head, difficulty 
in simple multiplication or typewriting, confusion in repeating the 
Lord’s prayer, and finally, analgesia. 

Acetylene and nitrous oxide also tested by Davidson (19, 20) 
showed in successive stages, lightness in the head, feeling of intoxi- 
cation, paraesthesia, muscular incoOdrdination, loud talk, laughter, 
inability to hold the head up, aggressiveness, emotionality, maudlin 
speech, quiet, and then loss of vision followed by anaesthesia to 
sound and touch. Tested at 40 per cent, nitrous oxide produced an 
increase of mechanical work and a lessened fatigue probably not 
attributable to practice. Zador (153) notes a difference in the stimu- 
lating effects of a nitrous oxide-oxygen mixture upon different types 
of psychotic patients. 


CarRBON MONOXIDE 


Dorcus and Weigand (27) did not find that carbon monoxide 
induced measurable effects on motor or intellectual processes even 
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with concentrations of 4 parts CO per 1,000 for 5 hours and a result- 
ing 25 to 35 per cent combination of CO with haemoglobin. A study 
by McNally (93) summarizing accidental cases having different de- 
grees of concentration in the blood, shows at concentrations of 10 to 
20 per cent aching of the head, and cutaneous dilatation. At succes- 
sively higher concentrations are experienced weakness, dizziness, 
dimness of vision, increased pulse and respiration, Cheyne-Stokes 
respiration, and at 60 to 80 per cent, coma, intermittent convulsions, 
respiratory failure, and death. A depressive effect of CO on the 
metabolism of canary birds and white rats is reported by Wal- 
ters (150). Kant (56) notes a close similarity between the effects 
of carbon monoxide and the behavior of dementia praecox patients. 
Kraepelin had also noted catatonic-like effects. This is especially 
significant in view of the role oxygenation appears to play in this 
disease. 
OxyYGEN AND CARBON DIOXIDE 


While oxygen normally constitutes 20.9 per cent of the air, con- 
centrations as low as 10 per cent, according to McGuigan (92), or, 
according to Sollman (134), 15 per cent, may be breathed without 
manifestation of oxygen want. Greater concentrations add little to 
the amount utilized by the healthy organism. At 10 per cent con- 


centrations Davidson (23) found little, and at 7 per cent considerable 
delay in recovery from anaesthesia. Matsushima (89) compared the 
rate of oxygen consumption during rest and work, showing an aver- 
age increase of 5 per cent during the latter condition. 

Of greater importance psychologically than the effects of 
deprivation are the results of inability on the part of the organism 
to utilize the available oxygen. Some recent evidence of the impor- 
tance of internally available oxygen may be mentioned. Starr (135, 
136) has observed underventilation in 80 per cent of the stammerers 
in the speech clinic. Such breathing he finds associated with an ab- 
normally high concentration of COz in the alveolar air. Furthermore, 
Trumper (147) has found a tendency toward a low vital capacity 
in such persons along with respiratory irregularities and attempts at 
compensation. 

In the case of dementia praecox patients Mignot and Le 
Grand (95) have observed a tendency to breathe with less than 
normal depth and frequency. Golla, Mann and Marsh (40) stimu- 
lated normal and psychotic patients with an air supply containing 2 
per cent carbon dioxide and found in most instances that the psy- 
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chotics did not respond by increasing their respiration, as did the 
normal persons. Loevenhart, Lorenz and Waters (69) with an air 
supply rich in both carbon dioxide and oxygen were able to maintain 
psychotics in a communicative state from two to twenty-five minutes. 

On the other hand, in certain conditions of overexcitability a 
decrease in ventilation appears to be beneficial. For instance, by 
rebreathing Fitz (35) was able to cure muscular cramp, Shel- 
don (130) to control hiccough, and Lennox and Cobb (67,68) to 
reduce the frequency of epileptic seizures in some patients. Lennox 
and Cobb, Foerster (36), Grant and Goldman (43) and others have 
been able in many cases to do the reverse and induce epileptic seizures 
by overventilation. Similarly Muck (98) produced migraine in 
susceptible persons. 


Acip-BasE RELATIONSHIP 


That the mechanism of these effects is complicated by factors 
other than carbon dioxide and oxygen is testified by the variability 
of the results of these procedures in different patients. The acid- 
base relationship within the body is one of the important factors. 
The effect of rebreathing is to accumulate excessive carbonic acid 
and lactic acid and to increase the general acidity of the system. 
Hyperventilation, on the other hand, as shown by Frisch and 
Fried (38), counteracts this condition and promotes alkalinity. 
Starr (137) found evidence that saliva tends to be more alkaline in 
excitable individuals. Rich (113,114) demonstrated likewise that 
more excitable persons, as determined by ratings, tend to have less 
acid urine and saliva. Frdlich and Solé (39) show further that 
in frogs and rats alkali increases and acid decreases the effects of 
drugs such as strychnine, sodium percholate, sulphocyanide, and 
tetanus toxin, which normally heighten excitability. The narcotic 
effect of chloral hydrate, on the other hand, was diminished by alkali. 
Bigwood (5) found alkalinity common in essential (idiopathic?) as 
distinguished from traumatic epilepsy. Partial success in the use of 
ketone-acid producing (high fat) diet in the control of epilepsy by 
such workers as Lennox and Cobb (68) and Barborka (2), and in 
the alleviation of migraine by Schnable (127), also argues that 
alkalosis is often a concomitant if not a cause of increased excitability. 
On the other hand, measurements of the pH of the body fluids by 
Lennox and Cobb, Bowman (8), Marrack and Thacker (85), 
Saunders (125), Shera (131), and Osnato and Killiam et al. (102) 
indicate that this increased alkalinity, if significant at all, is only a 
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tendency. Increased variability of the acid-base relationship in 
epileptic conditions seems to be demonstrated. Robinson, Brain and 
Kay (120) present evidence that epileptic seizures are more closely 
associated with a low blood cholesterol than with an alkaline condition. 

The wide scope of recent work in the fields of biochemistry and 
on the preparations of the glands of internal secretion forbids the 
further consideration of these topics in this review. 
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THE DELAYED REACTION TESTED BY THE DIRECT 
METHOD: A CORRECTION 


BY WALTER S. HUNTER 
Clark University 


In the first paper published on the delayed reaction, I(2) utilized 
an indirect method which had been devised by Carr and used to some 
extent already in the Chicago laboratory. This method required the 
subject to master an association between a light stimulus and a 
response of going through a lighted box, or to a light, before the actual 
delayed tests were started. In 1917 I again published (3) on the 
delayed reaction; but this time I described a direct method in which 
the subject, a child too young to walk, responded by reaching to one 
of three boxes placed within easy reach. The stimulus, a toy, a key, 
a watch, etc., was first shown the child and was then hidden in one 
of the three boxes. After a period of delay the child was permitted 
to open one of the boxes and thus secure the stimulus-object. | 
wrote at that time (p. 78), “ In this experiment there was no period 
of learning the association between the stimulus-object and the three 
boxes. Seeking for objects that had disappeared was already a part 
of the subject’s behavior equipment.” I furthermore described the 
method in detail and presented a photograph of the child at work. 

In 1927 Yerkes (5) published a study of the gorilla’s behavior in 
the delayed reaction situation. In this paper he says (p. 481), “ The 
suggestion which led to this experiment came from W. S. Hunter's 
(1913) description of the delayed reaction method as applied to 
animals and children. The method now to be described differs 
importantly from that of Hunter, not because I sought thus to 
improve on the original but because the characteristics of my subject 
and the general situation in which I worked suggested the desira- 
bility of a different apparatus and procedure.” Yerkes then describes 
a direct method which does not differ essentially from that which I 
used in the 1917 paper. Again in 1928 Yerkes and Yerkes (6), ina 
study of chimpanzees, write (p. 237), “Our method, originally 
devised and used for approach to analysis of mnemonic processes in 
the gorilla, is a variation and adaptation of the method of delayed 
response described by Hunter [1913]. Although identical with the 
Hunter method in principle, it differs from it essentially in direct- 
ness of primary motivational control, and in consequence is more 
economical of the time of the observer and, we believe, better adapted 
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for use with primates.” Again on page 268, the authors write, “ In 
a form of ‘ delayed response’ experiment devised by us which gives 
opportunity for choice among four food boxes, the chimpanzee has 
exhibited ability to respond correctly with immediacy and apparent 
ease after delays of three hours.” Neither of the papers by Yerkes 
contains a reference to my 1917 paper in the Psychological Review 
where the first description of a “ direct method ” is given. 

In 1928 Tinklepaugh published a research on the delayed reaction 
in monkeys. Tinklepaugh used a direct method which he seems to 
attribute to Kohler in the following statement (p. 234): “In the 
direct method, the principle of which was suggested by Kohler, 
- etc. . . . Tinklepaugh was not unfamiliar with my use of the 
direct method eleven years before; but he speaks largely of the 
indirect method of the 1913 paper. On page 207 the following state- 
ment occurs: “ Hunter must agree that the direct method is as much 
a measure of delayed response as his own original one. Indeed, he 
actually used the direct method in working with his young daughter.” 
The reply to this is that J did use the direct method, I knew at the 
time that I used it, and I think highly of the method! 

In 1929 Adams (1) has published a monograph on the behavior 
of cats in which certain delayed reaction experiments are described. 
Adams does not cite my 1917 paper. However, after commenting 
upon Cowan’s 1923 paper, he writes (p. 123): “A more funda- 
mental change in the method was introduced by Yerkes (1927, 1928) 
in his delayed reaction experiments with the gorilla, and it has since 
been used by Yerkes and Yerkes (1928) in similar experiments with 
four chimpanzees.”” Adams then describes his own results secured 
with the direct method. In commenting upon the long delays which 
he secured he writes (p. 135): “ Why then are these delays so much 
longer than those previously reported? I think the difference lies in 
the method. The Yerkes method has the advantage of eliminating 
the conditioning to an irrelevant cue which is characteristic of the 
Carr-Hunter method, and which is present even in Cowan's 
experiments.” 

Nothing which I have said above should be interpreted as a 
reflection upon the factual material which the authors referred to 
have presented. The present note is not the place to discuss this 
material or to present my own views on the interpretation of the 
material. I have been concerned solely with the legend that is creep- 
ing into the literature to the effect that my 1917 paper was never 
published ! 
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DISCUSSION 

The editor of the BULLETIN was good enough to review my two 
recent books in its pages. The last sentence in his review of The 
Mental Life is so doubtful in its meaning, however, and if taken 
literally is no internally inconsistent and essentially inapplicable, that 
a note of justification is called for from the author of the book. The 
closing sentence referred to is: “It seems to the reviewer unfor- 
tunate that, in view of the subtitle, more references to experimental 
literature were included at the expense of so many references of a 


systematic nature.” The subtitle of the book is: A Survey of 
Modern Experimental Psychology. 

What “unfortunate” circumstance is it then that the experi- 
mental literature should be stressed in compiling the book? We have 


> 


had enough rewordings of material on behalf of “new” systems as 
such in many of the simpler texts. The succinct description of some 
of the more recent experimental facts and brief discussions of the 
more widely maintained theoretical interpretations were expressions 
of the author’s chief aim. 

The editor may have misstated his point and may have failed to 
notice it in proof, but the author has not been able to substitute or 
insert a single word that would entirely remedy the ambiguity. If 
the editor believes that on the contrary there should have been fewer 
citations of systematic works and an inclusion of more references to 
the experimental literature in the annotated bibliography at the end 
of the volume, he must have wholly missed the purpose of the bibli- 
ography as stated on page 235. But even the experimental journals 
are explicitly referred to in that connection! 

CurisTIAN A. RUCKMICK 

University of Iowa 








ae 





eee 


